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Box I Observations rvhere certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 
I. rn Claims Nos.: 

' — ' because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

' — ' because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. I I Claims Nos.: 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



K QD AS aM required additional searcn fees werc limelv P aid DV the applicant, this international search report covers ail searchable 



claims 



2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I 1 As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. I | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

[ | No protest accompanied the payment of additional search fees. 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees 
must be paid. 

Group I, claim(s) I-1 1, drawn to a thermally-activated exhaust treatment device. 
Group II, claim(s) 12-14, drawn to a device for control exhaust emissions in a vehicle. 
Group III, claim(s) 15-16, drawn to an exhaust treatment device. 
Group IV, claim(s) 17-32. drawn to another exhaust treatment device. 
Group V. claim(s) 33-36, drawn to another exhaust treatment device. 

The inventions listed as Groups I-V do not relate to a single inventive concept under PCT Rule 13.1 because, under PCT 

Rule 1 3.2, they lack the same or corresponding special technical features for the following reasons: 

The special technical feature of Group I is a passive, temperature-activated variable insulator device. 

The special technical feature of Group II is a vacuum maintenance device. 

The special technical feature of Group III is a getter device and a hydrogen-releasing device. 

The special technical feature of Group IV is a multi-layered radiation shield. 

The special technical feature of Group V is a vacuum detector 
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V. 



Date of maifing (day/mbnth/year) 

27 July 2000 (27.07.00) 




Applicant's or agent's file reference 


IMPORTANT NOTICE 


International application No. 
PCT/USOO/01474 


International filing date (day/month/year) 
21 January 2000 (21.01.00) 


Priority date (day/month/year) 
22 January 1999(22.01.99) 


Applicant 

BENTELER AUTOMOTIVE CORPORATION etal 



1. Notice is hereby given that the international Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices oh the date indicated above as the date of mailing of this Notice: 

AUJP,KP,!<R,US 

In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be, furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication atthis time: 

AE,AL / AM,AP / AT,AZ / BA^ 

GE,GH,GM,HR,HU,^ 

NZ^,PL,PT,RaR^ 

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1(a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
27 July 2000 (27.0^00) under No. WO 00/43104 

REMINDER REGARDING CHAPTER II (Article 3l(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

(f the applicant wishes to proceed with the. internatiohai application in the national phase, he must within 20 months 
or 30 months, or later in some Offices, perform the, acts referred to therein before each designated or elected Office, 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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Telephone No. (41-22) 338.83.38 
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Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 

01 November 2000 (01.11.00) 




International application No. 
PCT/US00/01474 


Applicant's or agent* s file reference 


International filing date (day/month/year) 

21 January 2000 (21.01.00) 


Priority date (day/month/year) 

22 January 1999 (22.01.99) 


Applicant 




BIEL, John, P., Jr. etal 




1. The designated Office is hereby notified of its election made: 


j")(] in the demand filed with the International Preliminary Examining Authority on: 


16 August 2000(16.08.00) 


| | in a notice effecting later election filed with the International Bureau on: 


2. The election | X| was 




| | was not 




made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 


The International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Henrik Nyberg 

Telephone No.: (41-22) 338.83.38 
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NOTIFICATION CONCERNING 
THE FILING OF AMENDMENTS OF THE CLAIMS 

(PCT Administrative Instructions, Section 417) ; 



Date of mailing 

(day/month/year) 2g Jt , ]y 2 Q00 (25.07.00) 



Applicant's or agent's file reference 



From thelNTERNA^MAI^B^EAU^ ° 7 2DDf) H 



CARRIER, Robert, J. 
Price, Heneveld, Cooper, DeWitt &; 
L'tton 
695 Ken moor, S. E . 
P.O. Box 2567 
Grand Rapids, Ml 49501 
ETATSrUNIS D'AMERIQUE 




Sober! j. Car rier [ 



IMPORTANT NOTIFICATION 



Int rnationat application No. 

PCT/USOO/01474 



International filing date 

(day/month/year) 2 1 January 2000 (21 .01.00) 



Applicant 



BENTELER AUTOMOtlVE CORPORATION et al 



1. The applicant is hereby notified that amendments to the claims under Article 19 were received by the International Bureau on: 

20 July 2000 (20.07.00) 

2. This date is within the time limit under Rule 46.1. 

Consequently, the international publication of the inte rnationat application will contain the amended claims according 
to Rule 48.2(f), (h) and (i). 



3. The applicant is reminded that the international application (description, claims and drawings) may be amended during 
the international preliminary examination under Chapter II, according to Article 34, and in any case, before each of the 
designated Offices, according to Article 28 and Rule 52, or before each of the elected Offices, according to Article 41 
and Rule 78. 



The Interhati nal Bureau of WIPO 
34, chemin des Col mbettes 
1211 Geneva 20, Switzerland 



Facsimile No.: (41-22)740-14.35 



Authorised officer 

Catherine Massetti 
Telephone No.: (41-22) 338,83.38 
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Applicant's or agent's file reference 
BEN020346PCT 


FOR FURTHER ACTION ^ee Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/4 16) 


International application No. 
PCT/USOO/01474 


International filing date (day/month/year) 
21 JANUARY 2000 


Priority date (day/month/year) 
22 JANUARY 1999 


International Patent Classification (IPC) or national classification and IPC 
IPC(7): B01D 53/34, 53/94; F01N 3/10, 3/28 and US CI: 422/173, 177, 179, 180; 60/299 


Applicant 

BENTELLER AUTOMOTIVE CORPORATION 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of S7 sheets. 

H7] This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



Basis of the report 



I 




II 


□ 


III 


□ 


IV 




V 




VI 


□ 


VII 


□ 


VIII 


CD 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Date of submission of the demand 
16 AUGUST 2000 


Date of completion of this report 
12 APRIL 2001 


Name and mailing address of the IPEA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer 

Jean ProctorSfT 
HIEN TRAN Paralegal Specialist 

Telephone No. (703) 308-0661 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US00/01474 



I. Basis of the report 



1. With regard to the elements of the international application:* 
| [ the international application as originally filed 



the description: 



pages 
pages 
pages 



(See Attached) 



, as originally filed 



, filed with the demand 



filed with the letter of 



| x| the claims: 

pages (See Attached) 

pages . 

pages 

pages 



, as originally filed 

, as amended (together with any statement) under Article 19 
, filed with the demand 



the drawings: 

pages (See Attached) 

pages 

pages 



filed with the letter of 



, as originally filed 



, filed with the demand 



| x| the sequence listing part of the description: 

pages (See Attached) 

pages 

pages 



, filed with the letter of. 



, as originally filed 

, filed with the demand 



, filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

I 1 the language of the translation furnished for the purposes of international preliminary examination (under Rules 552 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in printed form. 

[ | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the writen sequence listing has 
been furnished. 

4 Q(] The amendments have resulted in the cancellation of: 

OD the description, pages NONE 

Q the claims, Nos. 2 * 3 » 7 

r~xl the drawings, sheets#+g NONE 



5. | [ This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 

in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 

and 70.17). 

**Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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IV. Lack of unity of invention 



1. In response to the invitation to restrict or pay additional fees the applicant has: 
| | restricted the claims. 

| x| paid additional fees. 

[ | paid additional fees under protest. 

| | neither restricted nor paid additional fees. 

2. I I This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68 
' — ' not to invite the applicant to restrict or pay additional fees. 



3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 
is 

complied with. 

0 

not complied with for the following reasons: 
Please See Supplemental Sheet. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 



|"~xj all parts. 

| | the parts relating to claims Nos. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . statement 

Novelty (N) 



Claims 5-6. 8-14, 16-36, 37-43 



Claims K 4, 15 



Inventive Step (IS) 



Industrial Applicability (IA) 



Claims 6, 9-14, 37-43 
Claims 



4-5, 8, 15-36 



Claims 1, 4, 5-6, 8-43 



Claims NONE 



YES 
NO 

YES 
NO 



YES 
NO 



2. citations and explanations (Rule 70.7) 

Claims 1, 4 lack novelty under PCT Article 33(2) as being anticipated by NREL Technology Brief (Keeping the Heat on 

Cold-Start Emissions). 

NREL Technology Brief discloses an exhaust treatment device comprising: 

an inner housing containing a thermally-activated exhaust treatment device including catalytic material therein; 
an outer housing enclosing the inner housing but not contacting the inner housing; the inner and outer housings 
including walls forming a sealed cavity around the inner housing; the cavity having a vacuum drawn therein (see page 2, the 

drawing on page 1); and . - • 

a passive, temperature-activated variable insulator device positioned within the outer housing and in communication 
with the insulation' cavity, the variable insulator device including a temperature-activated, self-reversing hydrogen source that 
obviates a need for separate electrical wiring and controls for controlling the temperature of the variable insulator device. 
Instant claims 1, 4 structurally read on the apparatus of NREL Technology Brief. 

Claim 15 lacks novelty under PCT Article 33(2) as being anticipated by Benson et al (5,477,676). 
Benson et al disclose an exhaust treatment device comprising: 

an inner housing 12 containing a thermally-activated exhaust treatment device 14, 16, 18 including catalytic materials 

therein; . . 

an outer housing 24 enclosing the inner housing 12 but not contacting the inner housing; the inner and outer housings 
including walls forming a sealed cavity around the inner housing; the cavity having a vacuum drawn therein; 

a getter device 60 including getter material 64 constructed to act as a vacuum pump to maintain a vacuum in the 

insulation cavity; and . . , . , 

a hydrogen-releasing device 66 including hydride material separate from the getter material, that is configured to release 
hydrogen when an elevated temperature range is reached and to (Continued on Supplemental Sheet.) 
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VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claims 30-32, 37*38, 41 are objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because the claims 
are indefinite for the following reason(s): 

In claim 30, line 1 7 "hydrogen gas conductance" has no clear antecedent basis. 

In claim 37, "the porous member" lacks positive antecedent basis. See claim 38 likewise. 

In claim 41, it is unclear as to whether the holes are the same as to the holes set forth in claim 40. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes 1 - VIII Sheet 10 

I. BASIS OF REPORT: 

This report has been drawn on the basis of the description, 
page(s) 1-6, 8 , as originally filed. 
page(s) 7 , filed with the demand, 
and additional amendments: 

Pages 9-25, filed with the letter of 13 February 2001. 

This report has been drawn on the basis of the claims, 

page(s) NONE, as originally filed. 

page(s) NONE, as amended under Article 19. 

page(s) NONE, filed with the demand. 

and additional amendments: 

Pages 26-35, filed with the letter of 13 February 2001. 

This report has been drawn on the basis of the drawings, 
page(s) 2-3 , 4, 9 , as originally filed. 
page(s) 6-7 , filed with the demand, 
and additional amendments: 

Pages 1, 5, 8, filed with the letter of 13 February 2001. 

This report has been drawn on the basis of the sequence listing part of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 



IV. LACK OF UNITY OF INVENTION: 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2, and 13.3 is not 
complied with for the following reasons: 

As applicant was previously notified this International Preliminary Examining Authority has found plural inventions claimed 
in the International Application covered by the claims indicated below: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single inventive 
concept under PCT Rule 13. 1. In order for all inventions to be examined, the appropriate additional examination fees must be 
paid. 

Group I, claim(s)l, 4-6, 8-11, 37, 38, 40-41 drawn to a thermally-activated exhaust treatment device. 
Group II, claim(s) 12-14, 39, 42-43 drawn to a device for control exhaust emissions in a vehicle. 
Group III, claim(s) 15-16, drawn to an exhaust treatment device. 
Group IV, claim(s) 17-32, drawn to another exhaust treatment device. 
Group V, claim(s) 33-36, drawn to another exhaust treatment device. 

and it considers that the International Application does not comply with the requirements of unity of invention (Rules 13.1, 
13.2 and 13.3) for the reasons indicated below: 

The inventions listed as Groups I-V do not relate to a single inventive concept under PCT Rule 13.1 because, under PCT Rule 

13.2, they lack the same or corresponding special technical features for the following reasons: 

The special technical feature of group I is a passive, temperature-activated variable insulator device. 

The special technical feature of group II is a vacuum maintenance device. 

The special technical feature of group III is a getter device and a hydrogen-releasing device. 

The special technical feature of group IV is a multi-layered radiation shield. 

The special technical feature of group V is a vacuum detector. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 

Continuation of: Boxes I - VIII Sheet 1 1 

V, 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 
reabsorb hydrogen upon cooling. 

Instant claim 15 structurally reads on the apparatus of Benson et al. 

Claims 5, 8 lack an inventive step under PCT Article 33(3) as being obvious over NREL Technology Brief (Keeping the Heat 
on Cold-Stan Emissions) in view of Minami et al (5,140,811). 

Minami et al show the conventionality of providing a wire mesh in the insulation space. 

It would have been obvious to one having ordinary skill in the art at the time of the invention was made to utilize the 
wire mesh as taught by Minami et al in the apparatus of NREL Technology Brief on the basis of its suitability for the intended 
use as a matter of obvious design choice, as use of such is conventional in the art. 

Claim 16 lacks an inventive step under PCT Article 33(3) as being obvious over Benson et al (5,477,676) in view of Burch et 
al (Reducing Cold Start Emissions by Catalytic Converter Thermal Management). 

Burch et al disclose that the metal hydride mechanism may be internally mounted. 

It would have been obvious to one having ordinary skill in the art to internally mount the getter device and the 
hydrogen-releasing device as taught by Burch et al in the apparatus of Benson et al on the basis of its suitability for the 
intended use as a matter of obvious design choice, and since it has been held that rearranging parts of an invention involves only 
routine skill in the art. 

Claims 17-32 lack an inventive step under PCT Article 33(3) as being obvious over NREL Technology Brief (Keeping the Heat 
on Cold-Start Emissions) in view of Burch et al (Applications and Benefits of Catalytic Converter Thermal Management) and 
Benson et al (5,477,676). 

The apparatus of NREL Technology Brief is substantially the same as that of the instant claims but is silent as to 
provision of multi-layer radiation shield. 

However, Burch et al disclose the use of alternating layers of copper foils and glass papers for providing radiation 
shield within the vacuum insulation. Benson et al '676 show provision of radiation shield 56. 

It would have been obvious to one having ordinary skill in the art to provide alternating layers of copper foils and 
glass papers as taught by Burch et al and Benson et al in the apparatus of NREL Technology Brief so as to provide radiation 
shield within the vacuum insulation thereof. 

Different structures of the radiation shield and its holding means would be within the purview of one having ordinary 
skill in the art during routine experimentation and optimization of the system. 

Claims 33-36 lack an inventive step under PCT Article 33(3) as being obvious over NREL Technology Brief (Keeping the Heat 
on Cold-Start Emissions) in view of Benson et al (5,562,154). 

The apparatus of NREL Technology Brief is substantially the same as that of the instant claims but lacks the vacuum 

detector. 

However, Benson et al '154 show vacuum detector, such as dimple 212. 

It would have been obvious to one having ordinary skill in the art to provide a vacuum detector as taught by Benson 
et al in the apparatus of NREL Technology Brief for an improve passive control device for switching the vacuum insulation in 
response to changes in temperature thereof. 

Claims 6, 9-14 and 37-43 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly 
suggest the specific containment ring holding the wire mesh and having holes permitting passages of hydrogen from the hydride 
to a remaining part of the insulation cavity. The prior art does not teach or fairly suggest a specific vacuum maintenance device 
incorporated into the insulation cavity as claimed. 

Claims 1, 4-6, 8-43 meet the criteria set out in PCT Article 33(4), because they are directed to devices for controlling exhaust 
emissions in a vehicle. 

Applicant's arguments filed 13 February 2001 have been considered but they are not persuasive. 

Applicant argues that the prior art does not teach the location of the getter/hydride. Such contention is not persuasive 
as the getter/hydride in NREL is at the outlet (note the label "exhaust pipe" at the left side which must be connected to the 
engine exhaust. 

Applicant argues that the getter and hydrogen-releasing device are parts of the passive system and therefore Benson 
teaches away from the passive system. Such contention is not persuasive as there are no structural elements recited in the claim 
to distinguish the passive system of the instant invention from that of Benson. 

Applicant argues that the dimple 212 in Benson can not be considered the vacuum detector. Such contention is not 
persuasive as the dimple of Benson is used as an indicator of the vacuum in the cavity and therefore meets the instant claim. 
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Fig. 11 is a fragmentary side view of the structure forming the opening in the outer 
housing, the opening being shaped to receive the getter container and cap/lid in Figs. 5-6; 

Fig. 12 is a cross-sectional view similar to Fig. 11, but shown as longitudinally cut 
apart and with the getter container installed and with the vacuum detector/seal cap installed; 

Fig. 13 is a side cross-sectional view of the vacuum detector/seal cap that covers the 
opening; 

Fig. 14 is a plan view of the vacuum detector/seal cap shown in Fig. 13; 

Figs. 15-16 are plan and side views of a modified container for containing getter 
and hydride material, the container including flanges for attachment to the outer housing; 

Fig. 17 is a perspective view of the container shown in Fig. 15; 

Fig. 18 is a cross-sectional view of aluminum and copper foils and ceramic and 
fiberglass insulations incorporated into the radiation shield; 

Fig. 19 is a side view of a tube incorporating the getter and hydride material of Fig. 

15; 

Fig. 20 is a fragmentary side cross-sectional view of a modified catalytic converter 
including a leafed layered radiation shield; 

Fig. 21 is a side cross-sectional view of a modified catalytic converter including a 
loosely-attached radiation shield with hydrogen passages coupled to the inner housing of the 
catalytic converter; 

Fig. 22 is a cross-sectional view taken along the line XXII-XXII in Fig. 21; 

Fig. 23 is a cross-sectional view taken along the line XXIII-XXIII in Fig. 21. 

Figs. 23 A and 23B are cross-sectional views of modified catalytic converters having 

radiation end shields; 

Fig. 24 is a cross-sectional view of a modified catalytic converter; 

Fig. 25 is a fragmentary cross-sectional view of a modified catalytic converter; 

Fig. 26 is an exploded view of Fig. 25; 

Fig. 27 is a view of the catalytic converter of Fig. 26 shown in ? vacuum bake-out 
chamber; and 

Fig. 28 is a schematic view of a particulate trap embodying the present invention. 
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includes an inlet tube sectioi^b attached to the open end of 



Leaflet end cone 34, an< 




an inlet tube section 37 attached to the open end of the inner inlet end cone 33. A bellows 
38 is attached between the inboard and outboard inlet tube sections 36 and 37, the bellows 
38 being configured to allow dissimilar longitudinal thermal expansion of the inner and 
outer housings 21 and 22. An end of the inlet tube section 36 projects from the outer inlet 
end cone 34, and an annular attachment flange 39 is secured to the inlet tube section 36 for 
attaching the catalytic converter 20 to an engine exhaust pipe. The illustrated supports 25 
extend from the outer inlet end cone 34 to the inner inlet end cone 33 at a plurality of 
circumferentially spaced positions. The supports 25 include spokes 40, a hub flange 41 and 
a rim flange 42 that abut and are joined to the inner and outer inlet end cones 33 and 34. 

A funnel-shaped inner outlet end cone 43 is attached to or formed in the outlet end 
of the sidewall 30 of the inner housing 21, and a funnel-shaped outer outlet end cone 44 is 
attached to the outlet end of the sidewall 31 of the outer housing 22. An outlet subassembly 
45 includes an outlet tube section 46 attached to the open end of the outer outlet end cone 
44, and an outlet tube section 47 attached to the open end of the inner outlet end cone 43. 
A bellows 48 is attached between the inboard and outboard outlet tube sections 46 and 47, 
the bellows 48 being configured to allow dissimilar longitudinal thermal expansion of the 
inner and outer housings 21 and 22. An end of the outlet tube section 46 projects from the 
outer outlet end cone 44. It includes a reinforcement tube 49' shaped to form an annular 
space for getter and/or hydride material. An exhaust pipe attachment flange 49 is secured 
to the outlet tube section 46 for attaching the catalytic converter 20 to an engine manifold 
exhaust pipe. The illustrated supports 25' extend from the outer outlet end cone 44 to the 
inner outlet end cone 43 at a plurality of circumferentially spaced positions. The supports 
25' include spokes 50, a hub flange 51, and a rim flange 52 that abut and are welded to the 
inboard and outboard inlet end cones 43 and 44. The illustrated reinforcement tube 49' and 
outlet tube section 46 are fixed together, and define a space 9" therebetween filled with 
getter and/or hydride material. The hydride material recaptures hydrogen from the 
insulating cavity 26 when the catalytic converter 20 is at a low temperature to increase the 
insulating effect of the vacuum at low temperature (which helps the catalytic converter 
reach its operating temperature more quickly). The hydride releases hydrogen to increase 
conductivity when the catalytic converter 20 is at a high temperature (which helps prevent 
overheating). The getter material removes gases from the cavity 26, and helps maintain the 
sufficient vacuum in the cavity 26 for a longer service life. 
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are placed in the inlet and outlet oute^roe sections 36 and 

46, respectively, adjacent an outer end of the bellows 38 and 48. The end shields 56 and 

57 include a plurality of holes 58 that reduce turbulence in the flow of exhaust gases 

through the catalytic converter 20, and also the end shields 56 and 57 slow convection heat 

transfer and help retain the heat within the catalytic converter 20 when the flow of exhaust 

stops. Further, the end shields 56 and 57 may include catalytic material themselves if 

desired. 

A phase-change material (PCM)-containing intermediate housing 60 including 
annular end walls 62 is attached to the sidewall of the inner housing 21 in the cavity 26, 
and forms a sealed separate chamber around the inner housing 22. Phase change material 
61 is placed in the chamber of housing 60. The phase change material 61 is formulated to 
change its phase and store heat during the heat-up period of the catalytic converter, and 
further is configured to release heat during cool-down of the catalytic converter 20. The 
result is that the phase change material 61 causes the inner housing 21 and catalytic 
materials 27 and 27' to reach their "light-off" temperatures much more quickly. Once the 
catalytic materials reach the "light-off" temperature (usually about 315 - 430 degrees C), 
the temperature of the catalytic converter 20 raises rapidly to its operating temperature from 
the exothermic heat of the catalytic reactions with the exhaust gases. 

The outer inlet end cone 34 forms an angle to a longitudinal direction, and the inner 
inlet end cone 33 forms an angle to the longitudinal direction 63, with both the outer and 
inner inlet end cones opening up as the exhaust gases flow into the catalytic converter 20. 
The spokes 40 of the illustrated supports 25 at the inlet end extend at an angle of about 45 
degrees from the longitudinal direction 63, such that they interconnect the cones 33 and 34. 
It is noted that spokes 50 can extend angularly at either direction and can be connected to 
other components, e.g. outer housing 22 and/or intermediate housing or PCM container 60. 
The spokes 50 of the illustrated supports 25 ' at the outlet end extend at an angle of about 45 
degrees from the longitudinal direction 63, such that they interconnect the cones 43 and 44. 
The spokes 40 and 50 of the supports 25 form spokes that are circumferentially spaced 
around the bellows 38 and 48, and there are sufficient spokes 40 and 50 such that the inner 
housing 21 is stably supported within the outer housing 22 for non-contacting concentric 
support. The appearance in end view is much like a spoked wheel. The combination of the 
spoke-like bodies 40 with the cones 33 and 34 at the inlet end, and the spoke-like bodies 50 
with the cones 43 and 44 at the outlet end, form a support structure capable of maintaining 
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support on the inner housin^fl while still accommodating the diffei^re thermal expansion 
of the inner housing 21 relative to the outer housing 22 (particularly in a longitudinal 
direction). As illustrated, the spoke-like bodies 40 at the inlet end are longer than the 
spoke-like bodies 50 at the outlet end. A scope of the present invention is believed to 
include both configurations, and variations thereof. 

When the catalytic converter 20 is in a cooled state and the exhaust gases begin to 
flow (i.e. when the engine is started), the inner and outer housings 21 and 22 will gradually 
heat, with the inner housing 21 heating much sooner and faster. As it heats, the inner 
housing 21 will lengthen by several millimeters, such as about 4-mm, ahead of the outer 
housing 22. The outer housing 22 also heats, but at a slower rate and with a delayed time 
period and also to a lower highest temperature. This causes longitudinally directed stress to 
occur on the supports 25 and 25'. The curvature of attachment flanges 41 and 51 to the 
bodies 40 and 50, respectively, and their general shape and angular attachment cause the 
bodies 40 and 50 to bend into a curvilinear/concave shape, and causes them to do so 
simultaneously and predictably as the inner and outer housings 21 and 22 undergo different 
thermal expansions. The pressure of supports 25 and 25* can also cause the outlet end 
cones 43 and 44 to bow slightly apart from each other, depending on the strength of the 
supports 25 and 25'. By this predictable bending, the cavity 26 is reliably maintained 
around the inner housing 21 such that it does not contact the outer housing 22. 

The cross-sectional shape of the supports 25 and 25' is made sufficient to provide 
the functional strength required to hold the inner housing 2 i in its isolated position within 
the outer housing 22, but the cross-sectional shape is minimized to reduce heat transfer 
along the supports 25 and 25'. The cross-sectional shape of the supports 25 and 25' vary 
greatly depending upon a weight of the inner housing 21 and components therein, 
depending upon loading (vibrational and impact) test requirements of the vehicle 
manufacturer, and depending upon test results and fine-tuning of the exhaust system on a 
given model vehicle. For example, the spokes can be made from 1 .5 mm thick by 4-mm 
wide stainless steel material where at least four supports 25 (and 25') are used 
circumferentially around the inlet and outlets of the catalytic converter 20. 

CONTAINMENT USED FOR PASSIVE ACTIVATION 
OF HYDRIDE WITHIN CATALYTIC CONVERTER fFips. 1-3) 

The present invention allows for passive activation of a hydride by the exhaust gases 
flowing through the catalytic converter 20 (Fig. 1). The hydrogen source device 32 (Fig. 
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2) includes a containment sifficture 90, which includes parts of outleWube section 46 and 
reinforcement tube 49' for containing the hydride material 91. The containment structure 
90 is formed around (and in part by) the outlet tube 46 so that it is coupled to the exhaust 
stream in such a way as to allow activation of the hydride within a narrow temperature 
band and without any external control. The hydride material 91 releases hydrogen into the 
insulating cavity 26 at a rate that is related to the temperature and pressure of cavity 26, 
such that conductivity is increased as the temperature of the catalytic converter 20 
increases. Thus, the arrangement provides an over- temperature protection mechanism for 
the catalyst or catalyst substrate 27 and 27* within the vacuum-insulated catalytic converter 
20. The hydride material 91 is kept within the annulus section of the containment structure 
90 by a fine wire mesh 92 (or porous sintered metal) that allows free flow of hydrogen. 
The fine wire mesh 92 is held in place by a containment ring 93 that has multiple holes 94 
(Fig. 3) so as not to restrict the flow of hydrogen from the hydride to the interior cavity 26 
of the catalytic converter 20. 

A plurality of modified catalytic converters are disclosed below. In order to reduce 
redundant discussion, each successive modification uses the same identification numbers as 
the earlier described embodiment, but with the addition of a letter, such as "A", "B B } and 
etc. 

PASS IVE HYDRIDE A ND GE TTER SEL ECTIO N A N D PO S ITION ( Fi g s. 4-1 Q) 
This section discusses and proposes the use of a separate getter 96 and hydride 97 in 
a converter. The getter and hydride perform two different functions in the vacuum space. 
The getter is intended to act as a vacuum pump through the life of the converter. The 
hydride stores hydrogen gas that is released with elevated temperature, thereby acting as an 
overtemperature protection for the catalytic converter. Previous designs have provided the 
getter and hydride as one and the same component. This invention involves the use of two 
separate materials for the hydride and getter. There are distinct advantages in using 
different containers and positions for the hydride and getter. It is noted that the hydride 97 
and getter 96 in Fig. 4 are illustrated as being held in single container 98, but it is 
contemplated that they could be separated and held in different containers, such as container 
98 (see Fig. 7) and location 32 (Fig. 1). Container 98 is ring-shaped and is supported by a 
support 97" that permits flow of gases between the container 97' and the insulation cavity 
26. 
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A getter is used in tn^acuum insulation to maintain the vacutHT during the life of 
the part. It does this by reacting with gases present- thereby acting as a chemical vacuum 
pump. Eventually the getter material may completely react with gas and no longer 
function. The hydride is usually the same type of material as the getter; however, it is 
charged with hydrogen that is desorbed as a function of temperature. Hydrogen has a very 
high thermal conductivity so that a small amount of hydrogen in the vacuum space (a few 
torr pressure) will cause the space to conduct heat and no longer be insulating. The hydride 
can be consumed by getter-type reactions with other gas species and no longer be 
reversible. Separating the hydride and getter functions extends the functionality of the 
hydride preferably over the life of the component. Also, by using a different composition 
for the getter and hydride, the getter activation and release of hydrogen gas will occur at 
different temperatures. Specifically, a SAES St707™ material will have lower activation 
and hydrogen release temperatures than a SAES StlOl™ material. By using the St707™ 
material for the getter function (i.e. getter 96), it can be activated as a getter during the 
latter stages of the vacuum bake-out, and even assist the vacuum bake-out. The SAES 
StlOl™ has a sufficiently high getter activation that will not be reached until the end of the 
vacuum bake-out, thereby preserving its capacity as a hydride (i.e. hydride 97); and 
hydride release temperature that will not be reached during bake-out thereby preserving its 
hydrogen. 

The getter 96 and hydride 97 are contained in a container 98 attached to the outer 
wall 31 A of the outer housing 22 A. The container 98 (Fig. 7) includes a lower cup portion 

99 where the getter 96 and hydride 97 are contained, and further includes an annular ring 

100 and up flanges 101. A seal layer 102 covers the cup portion 99, holding the getter 96 
and hydride 97 in the cup portion 99. The up flanges 101 include lips 102* that frictionally 
engage the extruded material 103 around the opening 104 in the wall 31 A of outer housing 
22 A (Fig. 12). The container 98 can be extended through the opening 104 from the outside 
into the cavity 26 A, with the lips 102 abutting the marginal material or extruded material or 
extruded neck 103 to hold the container 98 at a selected position. Detents or an inwardly 
direct crimp or flange is used to secure the porous cap in place. Also, a can-shaped 
structure can be used (see Fig. 16). Holes 105 (Fig. 6) in the up flanges 101 and also 
spaces 106 between the up flanges 101 assure that the getter 96 and the hydride 97 are in 
communication with the insulating cavity 26A. A vacuum detector/seal lid 107 is snapped 
over the opening 104 and sealed with braze to cover the opening 104. As described below, 
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the lid 107 is flexible, and cnmples when exposed to a vacuum, such mat it acts as a 
vacuum indicator to show the presence of a vacuum (or lack of a vacuum) in the vacuum- 
insulating cavity 26A. It is contemplated that the getter 96 and/or the hydride 97 can be 
placed in the end cavity or hydrogen source device 32 (See Fig. 1), and/or in the container 
98 (Fig. 4), and/or in both (in separate places or in the same place but as separate 
materials). 

It is contemplated that the holes in the containment ring 93 can be varied in number 
and size to control use of the getter 96 and/or the hydride 97. (Fig. 3) Further, a brazing 
material 108 can be used to plug the holes 94 until after an initial bake out, so that the 
getter 96 is not entirely used up during initial bake out. For example, the brazing material 
108 would cover the holes 94 during an initial low temperature bake, but would melt and 
unseal the holes 94 during a higher temperature bake. 



This invention is used on a vacuum-insulated catalytic converter to provide the 
customer with a physical and visual check of the presence of vacuum in the insulating 
cylinder, around the catalytic converter. It is a lid 107 (Figs 12-14) with a brim 110 which 
is pressed over and frictionally engages an extruded neck 103 (Fig. 12) formed by the 
marginal material or extruded material or extruded neck around the opening 104 in the wall 
31A of the outer housing 22A. The lid 107 can be brazed and sealed in a vacuum furnace 
to a corresponding embossment on the outer jacket of the converter. The lid 107 is 
preferably mechanically assembled to the outer jacket to help control the fit up for the 
brazing operation. The converter 20A is baked in a vacuum at a heat high enough to drive 
off all the water molecules that may be present. The braze operation will occur when the 
bake-out is complete, and the proper vacuum has been achieved. The assembly will be 
cooled under vacuum to a temperature that guarantees that the brazing material has re- 
solidified and the sealing is complete. As the product is cooled and the atmosphere is 
raised back up to normal, a flat center panel of the lid 107 will dimple in with the pressure 
differential like a jar lid does during the canning process of fruits and vegetables. As long 
as the vacuum stays intact, the dimple will remain. 

The purpose of the invention is to provide the customer a quick gauge to diagnose 
whether or not the vacuum is still present inside the insulation cavity 26A which surrounds 
the core and inner housing 21A of the catalytic converter 20A. In use, the seal cap/lid 107 
does two main functions. It closes the unit off to outside atmosphere as it is brazed to the 
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outer jacket/outer housing 2ZA of the catalytic converter 20A. The note 104 that the lid 
107 is being brazed over is the final orifice for gas evacuation in the unit. All other joints 



The cap/lid 107 is the gauge to detect the presence of the vacuum in vacuum 
insulation cavity 26 A of the catalytic converter 20A. As the converter 20A is brought back 
into normal atmospheric pressure, the pressure differential of the cavity 26 to ambient is 
great enough to cause this thin walled cap/lid 107 to pop in. If the vacuum cavity 26A 
springs a leak, the insulation property of the catalytic converter unit is greatly reduced, and 
the outer shell/outer housing 22A of the converter 20A will become hot; but even before it 
shows signs of overheating, the cap/lid 107 will have popped up. A thermal couple can be 
to the jacket attached to detect the presence of abnormal heat to the outside skin/ wall 31 A 
of the catalytic converter 20 A. A light on the dash will warn the motor vehicle operator of 
the overheating condition. This condition can be caused by several events, but the seal 
cap/lid 107 makes it possible to quickly verify whether the loss of the vacuum is the reason 
for the warning. 



A getter or getter-hydride may be incorporated into the vacuum space of the 
vacuum-insulated catalytic converter. This will necessitate exposing the getter-hydride to 
atmosphere during fabrication and also to low levels of gas during pump-down and bake-out 
of the unit. To isolate the getter-hydride from gas exposure until the unit has been baked- 
out and sealed, the following canister construction will provide protection and can then be 
passively removed during normal operation of the unit. 

The getter/hydride unit 120 including getter/hydride material 96C/97C (Figs. 15 and 
16) is contained in the metal can 121 of some higher melting point material, e.g., stainless 
steel. A porous lid 122 contains the getter/hydride powder 96C/97C but allows gas 
communication with the atmosphere in the vacuum space 26. A metal foil 123 initially 
covers the porous metal lid 122 of the container/can 121 (Fig. 17). This metal foil 123 
could be brazed on or even simply wrapped over the top and crimped in place using a wire. 
The metals Magnesium (Mg) or Aluminum (Al) would be particularly effective because in 
addition to providing a physical barrier they would react with any Ch or H2O present during 
the bake-out step. It is expected that H2O will outgas or dissolve from the vacuum space 



have been sealed and tested for leaks at this point. 



REVERSIBLE GETTER ATMOSPHERE PROTECTION 



DURING BUILD AND BAKE-OUT (Figs. 15-17^ 
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surfaces especially during the bake-out step. Therefore the Mg or Anoil will also act as an 
initial getter and provide a chemical barrier for the permanent getter-hydride. 

After the unit is evacuated, baked-out and sealed, the unit will be put in operation. 
Once a unit reaches ~642°C (m.p. of Mg) or ~660°C (m.p. of Al), these foils 123 will melt 
and provide or allow the porous metal top 122 to now be exposed to the vacuum space. 
The Mg will be particularly quick to dissipate as it has very little interaction with steel and 
has a high vapor pressure. 

ALUMINUM FOIL INCORPORATED INTO THE RADIATION 

SHIELD S A S A GET TER ( Fig, 18) 
Aluminum foil is very reactive with oxygen, especially at elevated temperatures 
encountered in a catalytic converter. Two of the main gases released during the bake-out of 
the assembled converter are H2O and CO. A large source of these gases is the surface area 
of the multi-layer radiation shields 130 (Figs. 18 and 20) within the converter 20. By 
incorporating aluminum foil within the layers of the radiation shields 130, the aluminum 
foil can combine with the oxygen present in these gases and act as a getter adjacent to the 
source of the gas, i.e., the radiation shields 130. 

The aluminum foil will act to combine or getter with some of the gases evolved 
during bake-out of the converter. This gettering action will take place within the radiation 
shielding which is the main source of gases during bake-out. The close proximity of getter 
to out-gassing will speed up the bake-out. Aluminum foil should also be less costly than 
typical getter materials that will also be used within the converter. 

GE TT ER S E ALING 
The getter should not be exposed to the interior of the catalytic converter during 
bake-out of the converter which dispels unwanted gases and vaporizable materials. If the 
getter is exposed to the bake-out gases while at elevated temperature, the getter capacity for 
outgassing when the catalytic converter is sealed off will be greatly reduced. A way of 
preventing the getter from being exposed to the various gasses during bake-out is to seal the 
getter chamber with a brazed gate. The getter chamber 150 (Fig. 19) can be a small 
stainless steel tube 151 capped on one end with a stainless steel plug 152 and the other with 
a thin stainless steel foil 153 brazed to the interior walls of the stainless steel tube. The 
brazing of the foil to the stainless steel tube can occur under a vacuum. The tube could 
then be welded or brazed to the outside of the catalytic converter. Once the catalytic 
converter has been baked-out, the brazed metal gate could be removed by applying heat to 
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during the bake-out of the catalytic converter. A variation of this concept would be to seal 
the getter chamber with solder material of appropriate melting point to remain solid during 
bake-out, but which could be melted away following bake-out. 

High-volume production of the catalytic converter is expected to involve baking out 
multiple converters within a large vacuum oven to drive out impurities, and then sealing the 
pump-out port of the catalytic converter within the vacuum oven. A unique way of doing 
this is to have a small slit made in the outside cylinder of the converter with braze material 
about the slit opening. Once the bake-out is completed a heater such as a radiation heater 
could be used to bring the braze material temporarily to its melting point, followed by 
cooling to solidify the brazing metal, thereby closing the opening used for evacuation. 
LEAFED LAYERED RA DIATION SYSTEM (Tig. 19-20> 

A vacuum-insulated catalytic converter by design keeps its inner core or catayst 
substrate 27A and 27A' and the inner housing 21A, hot long after the engine has been 
turned off. To do this, the inner core 27A\ and inner housing 21 A, and the inlet and outlet 
end cones 43A, end tubes 46A, and baffles or bellows 38A and 48A, which couple it to the 
exhaust system are surrounded by material, such as phase change material (PCM) 129, 
which stores heat. This heat can then be reabsorbed into the catalytic converter as the 
converter starts to cool. This PCM material is in turn wrapped with other materials, such 
as radiation reflector and insulator or multi-layer radiation shield 130, that reflect and 
insulate. Metal foils are used to reflect the radiant heat back into the core. Because of 
their low emissivity, nonferrous metals such as copper and aluminum are the foils of 
choice. Between the layers of foil are layers of insulating material, such as a ceramic 
material, which keep the metal foil from contacting the layer immediately beneath it and 
above it. The insulation material 131 is designed to be just wider than the foils 132 with 
which it is interleaved, to prevent the foils 132 from contacting the other layers of foil 132 
along their surface. 

The foils 132 and interleaved insulation material 131 are preferably sized such that 
each strip 130 wraps to make five layers. Each strip width is sized to optimize the 
coverage needed. Each strip 130 extends in width proportionally until the whole core and 
inner housing 21A is covered. This is presently accomplished by four strips having 
overlapping edges, such as at location 133. The configuration overlaps and extends in 
section much like a leaf spring. (See the overlapped area 134 in Fig. 20). With the present 
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design, there are three of these stair-stepped radiation shield configurations used, one strip 
130 over the center core and one strip 130A over the bellows at either end of the center 
core. Each strip 130/130A as it is rolled on is crimped to assist in keeping the wrappings 
tight and in place as the next strip 130/130A is applied. The final strip 130/130A may be 
secured with a couple of stainless steel straps 135. Only one strap 135 may be required 
about each of the bellows. 

The purpose of the leafed layered radiation system is to contain and reflect the heat 
radiated from the catalytic converter and the vessel containing the phase change material 
back into the core. This focusing at the same time keeps the outer jacket/outer housing 21 
cool. During the initial heat up of the catalytic converter, the system helps to contain the 
heat from the exhaust and keep it stored on the center core. This enables the whole system 
to heat more quickly. After the engine is turned off, the radiation material keeps the 
radiant heat reflected back into the core. The interleaved material is a ceramic or fiberglass 
paper to keep the copper or aluminum foil layers from conveying heat from one layer to 
another, since this would reduce hold time if the layers thermally shorted the heat between 
them. 



The improved design reported here adds novel features to the present design: a loose 
coupling (primarily by radiative conductance) between the thermal energy storage material 
and the converter. To minimize heat transfer between the bellows (or outer shell) and the 
radiation shields, the shields layers should increase from inner to outer layers so that the 
inner layers end at the inner (hot) portion of the bellows and the outer radiation shield 
layers end at the outer (cold) end of the bellows. 



OP T IMUM WR APPING OF RADIATION SHIELDS (Fig, 20) 
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H YPR OOENTASSA GE S PETWEEN RADIATION 
ANP COR E OF YACUUM-INS U LA TED CATALYTI C CONVE R TE R (F igs, 2 1-23) 

The catalytic converter 20D has a multi-layer radiation shield 140 (Fig. 21) wrapped 
around a core and variable conductance vacuum insulation between the core/inner housing 
21D and jacket/outer housing 22D. The radiation shields 140 are part of the insulation for 
the unit, and it is desirable to minimize contact between the core/inner housing 21D and the 
radiation shields 140. Minimum contact will inhibit conductance of heat between the 
radiation shields 140 and the core/inner housing 21D and the phase change materials 129D, 
thereby increasing the insulation effectiveness. Under some circumstances it is desirable 
for the converter core to rapidly lose heat. This can be done by increasing the gas phase 
thermal conductance of the vacuum insulation system. Hydrogen gas released in the 
vacuum space can be used to increase heat transfer between the hot core/inner housing 21D 
and cold jacket/outer housing 22D. The creation of passageways between the radiation 
shield 140 and the hot core will allow a quicker heat transfer between the hot core/inner 
housing 21D and cold jacket/outer housing 22D via gas conductance. An example of such 
a construction is axial passages 141 (Fig. 23), eight to sixteen in number, equally spaced 
around the perimeter of the core/inner housing 21D, and formed in the radiation shield 140. 
The radiation shield 140 may be secured to the core/inner housing 2 ID with one steel strap 
135 at mid-length to wedge the radiation shield 140 in the gap between two phase change 
material containers 60D. 

Current designs wrap their radiation shields tightly around the core/inner housing. 
This results in continuous conduction between the hot core and the radiation shields, and 
also makes very small and tortuous paths for hydrogen gas to flow. The novel axial 
passages shown in Figs. 21-23 provide effective heat transfer by allowing hydrogen gas to 
freely flow, contact the hot core and transfer heat to the cold jacket. An inlet radiation 
shield 141 and an outlet radiation shield 142 are added to catalytic converter 20D (Fig. 
23 A) at a location against the baffles 38D and 48D, respectively. An inlet radiation shield 
143 and an outlet radiation shield 144 are added to catalytic converter 20D (Fig. 23B) at a 
location loosely against an inner surface of the outer housing 22D. All radiation shields 
140-144 are loosely held by metal straps 135 or other structure (including their own 
stiffness) for optimal hydrogen flow around them. 

Each radiation shield 140-144 includes multiple layers of foil and insulation, such as 
a total of twenty layers. It can be difficult and time consuming to wrap and form the 
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radiation shields around the inner housing 21D. It is conceived that the radiation shields 
can be preformed and sliced longitudinally by a water jet or laser to form a clam shell 
arrangement. The metal straps 135 would hold the clamshells together. Alternatively, the 
preforms can be cut transversely and slipped onto ends of the catalytic converter inner 
housing 21 D. 

CONVERTERS WITH SPLIT RADIATION SHIELD 
A modified catalytic converter 20HH (Fig. 24) includes a support 25HH at its inlet 
end having an inner ring flange or hub 51HH, an outer ring flange or rim 52HH, and 
spokes 50HH connecting the hub 51HH to the rim 52HH. The outer ring flange 52HH has 
wire mesh feet 65HH that slidably engage the inner inlet tube section 36HH of the inner 
housing 21HH to permit longitudinal expansion of the inner housing 21HH to the outer 
housing 22HH without undesirable distortion of components. The catalytic converter 20HH 
further includes a support 25HH' at its outlet end having an inner ring flange or hub 51HH, 
an outer ring flange or rim 52HH, and spokes 50HH extending between the hub 51HH and 
the rim 52HH. The support 25HH* at the outer end provides a fixed support for the inner 
housing 21HH, such that the resulting greater longitudinal expansion of the inner housing 
21HH over the outer housing 22HH due to dissimilar thermal expansion occurs at the inlet 
end. 

An end construction 90HH at the outlet end is particularly constructed to facilitate 
manufacture of the catalytic converter 20HH and to maintain a very good thermal barrier. 
The end construction 90HH includes a cylindrical wall extension 91HH that sealingly 
/rc^ :; engages and is brazed to the wall 31HH of the outer housing 22HH. The end construction 

90HH further includes a separated and extended outlet tube section 92HH that extends from 
bellows 48HH. The extended outlet tube section 92HH in effect replaces the inner outlet 
tube section 46 (Fig. 1) and serves a similar attachment function for connection to an 
exhaust pipe of the vehicle. First and second extended cone sections 93 HH and 94HH 
extend from the wall extension 91HH. The cone sections 93HH and 94HH have ring- 
shaped inner ends that overlap onto each other and onto the wall extension 91HH to form a 
rigid, sealed connection to the outer housing 22HH. The cone sections 93HH and 94HH 
have outer ends that are spaced apart from each other and that engage opposing ends of the 
extended outlet tube section 92HH. The cone sections 93HH and 94HH hold the outlet 
tube section 92HH in alignment with the bellows 48HH at an end of the bellow 48HH. The 
inner (i.e. second) cone section 94HH includes spokes or vacuum communication ports 
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instead of comprising a conramous funnel-shaped member, but the 
section 93HH is continuous and funnel-shaped so that the vacuum can be held in the cavity 
26HH. The combination of the spokes 50HH and the cone sections 93HH and 94HH at the 
outlet end of the catalytic converter 20HH provide a very stable and sturdy structure, yet 
one which is highly thermally insulated. 

A radiation shield 72HH is provided in three sections, including a center section 
95HH that wraps around and covers the phase change material housing 60HH, and end 
sections 96HH and 97HH that wrap around and cover the inlet and outlet ends of the 
converter 20HH (including the bellows 38HH and 48HH). It is noted that the end sections 
96HH and 97HH overlap onto longitudinal edges of the center section 95HH to provide 
maximum radiation-resisting values, yet to allow the spokes 50HH at each end to extend 
between the inner and outer housings 21HH and 22HH. The inlet end section of the 
catalytic converter 20HH is similar to the outlet end section, and its description need not be 
repeated in order for a person of ordinary skill to understand the present construction, or 
for such a person to understand the inventive aspects thereof. 

The catalytic converter 2011 (Figs. 25 and 26) includes an outlet end section similar 
to that of catalytic converter 20HH, but the catalytic converter 2011 includes a vacuum 
maintenance device 3211 that includes getter material for maintaining a high vacuum in the 
cavity 26IL Alternatively, or at the same time, the vacuum maintenance device 3211 may 
include hydride material for passively increasing the amount of hydrogen gas within the 
cavity 2611 when the inner housing 2111 heats up. By increasing hydrogen gas at high 
temperature, the insulative value of the vacuum cavity 2611 is reduced, thus helping throw 
off and helping to prevent overheating of the catalytic converter 2011. By reducing 
hydrogen gas at low temperature, the insulative value of the vacuum cavity 2611 is 
increased, thus assisting in faster heat up of the catalyst in the catalytic converter 2011 
during initial engine starts. Notably, the device 3211 is positioned relatively close to the 
inlet or outlet tube section 9211 such that it quickly receives heat from hot gases passing 
through the catalytic converter 2011. These hot gases are indicative of the temperature of 
the catalyst material in the catalytic converter 2011. As a result, the device 3211 is able to 
quickly respond to actual temperature conditions of the catalytic material, which can be 
important to good operation. 

In order to quickly and economically achieve a high vacuum in the cavity 2611, it is 
necessary to bake the catalytic converter 2011 at high temperature so that gases and volatile 
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/eVer, hydride materials, which releaseTiyorogen at gjoh 



agents are driven off. HoweVer, hydride materials, which releaseTijTlrogen at hig 
temperatures, are undesirably activated to release their hydrogen at the same high 
temperatures necessary for a good bake-out. Further, after the bake-out, the cavity 2611 
must be sealed to maintain the vacuum. A problem occurs in that it is difficult to bake-out 
a cavity 2611 and then seal the cavity 2611 to maintain the high vacuum, without also 
prematurely activating the getter or hydride materials. The end construction shown in Fig. 
25 solves this problem. 

As shown in Fig. 26, the end construction of Fig. 25 replaces the outer end cone 
(93HH) with an inner ring flange 9911, an outer ring flange 100II, and a frustoconically- 
shaped member 101II (sometimes called a "cover"). The frustoconically-shaped member 
10in includes an "in" flange 102II and an "out" flange 103EL The inner ring flange 9911 
is attached to an outer end of the extended outlet tube section 9211 that extends from 
bellows 4811, and flares outwardly. The outer ring flange 100II is attached to the 
cylindrical wall extension 9111 of outer housing 2211. The components of catalytic 
converter 20U are baked off as shown in Fig. 26. After bake-out, the "in" flange 102II is 
shaped to engage the inner ring flange 9911 when the frustoconically-shaped member 101II 
is brought into engagement with the end of the outer housing 2211. The "out" flange 103II 
is shaped to simultaneously engage the outer ring flange 100II when the frustoconically- 
shaped member lOlEt is brought into engagement with the outer housing 2211. This simple 
movement of parts in a longitudinally-aligned direction is easily achieved, even while the 
parts are continuously held in the high vacuum after bake-out. Once the frustoconically- 
shaped member 101II is engaged with the outer housing 2211, the bake-out temperature is 
increased sufficiently to melt brazing material 105II located on the "in" flange 102II to seal 
the "in" flange 102II to the inner ring flange 9911, and to melt brazing material 106II on the 
"out" flange 103II to seal the "out" flange 103II to the outer ring flange 100II. 

The hydride and/or the getter material of device 3 211 is located on an inside of the 
body of the frustoconically-shaped member 101IL Notably, the frustoconically-shaped 
member 101 II is separated from inner and outer housings 2 III and 2211 of the catalytic 
converter 2011 and related components during the bake-out. By directing the heat of the 
bake-out at the inner and outer housings 2 III and 2211 and at the related components of that 
subassembly (and by keeping the subassembly that includes the hydride and getter materials 
at a cooler lower temperature), the properties and characteristics of the hydride and getter 
material are preserved so that they are not wasted, (i.e. The hydrogen in the hydride is not 
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gas sorbing capacity of the getter is not prematurely used 

up.) Once the subassembly of the frustoconically-shaped member 101II is brought into 

engagement with the ring flanges 102II and 103 II, additional heat is applied to the assembly 

to melt the brazing material 105II and 106IL It is noted that this additional heat may 

activate the getter material, but this is not a problem since the bake-out has already 

occurred and the cavity 26D is under vacuum. Thus, when the getter material cools and 

become active, it merely begins doing its intended job, which is to absorb gas to maintain 

the high vacuum. It is noted that this additional heat may activate the hydride material, but 

this is not a problem since, as noted above, the bake-out has already occurred and the 

cavity 2611 is sealed. Thus the hydride material merely begins doing its intended job, 

which is to release hydrogen into the cavity 2611 when the hydride is at an elevated 

temperature. 

For getters to become active, that is, to become able to sorb gaseous impurities 
present within the vacuum space, one must first eliminate the protective oxide film on the 
getter particle surface. In such a way, the active part of the getter will be exposed, come 
into contact with the gases and capture the molecules which have to be sorbed. The 
elimination of the oxide film is done by increasing the getter temperature under vacuum and 
maintaining this temperature per a time/temperature relationship. This procedure, known 
as activation of the getter, causes the initial oxide film to diffuse into the bulk of the getter 
particles, thus leaving the surface free from the passivating layers and therefore available 
for the sorption of gases. 

The process of bake-out (Fig. 27) includes positioning the main subassembly of the 
catalytic converter 2011 (i.e. that portion including the inner and outer housings 2111 and 
2211, and the catalytic material or catalyst substrate 2711 and 2711', and other components) 
and positioning the end construction (i.e. that portion including the frustoconically-shaped 
member 101II, and the vacuum maintenance device 3211) in an enclosed machine chamber 
1 1011. The chamber 1 1011 is closed at one end by an end cover 1 1 in and at its other end 
by a second end cover 112II that incorporates a turbo pump 113II for drawing a vacuum. 
Primary induction coils 11 411 are located around and proximate the outer housing 2211. 
The primary induction coils 114U are powered to create bake-out temperatures in the range 
of 450 degrees C. An actuator gripper 1 1511 holds the frustoconically-shaped member 
101H at a location axially aligned with the outer housing 2211, but at a location spaced 
above the outer housing 2211. By this arrangement, the frustoconically-shaped member 
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101II does not become quickly heated by the primary induction coils n4II, but instead 
stays at a lower temperature. Thus, the hydride and the getter material in the device 32IF 
do not prematurely activate. When the bake-out is completed, the frustoconically-shaped 
member 101II is lowered in direction "A" onto the inner and outer housings 2111 and 2211, 
such that the "in" flange 102II engages brazing material 105II on the flange 9911, and the 
"out" flange 103II engages the brazing material 106II on the flange 100II. The actuator 
gripper 11 511 includes secondary induction coils 1 1611 that are arranged and located to melt 
the brazing material 105II and 106II to seal the vacuum in the cavity 2611 of the catalytic 
converter 20IL Upon the brazes cooling and solidifying, the chamber is vented to 
atmosphere and part removed. The reversible getter is activated by exposure to a heat 
source for some time. 

Another benefit of this design is the reversible getter's close proximity to the 
exhaust pipe provides for passive re-activation (of the reversible getter). During vehicle 
operation, high temperature events or micro-leaks will produce additional gases in the 
vacuum space. These gases will be pumped by the getter and eventually passivate its 
surface, thus rendering it inactive. Therefore, during the life of the vehicle, the getter may 
require additional re-activations to be an effective vacuum pump. By frequent exposure to 
the exhaust heat, the getter will be re-activated. Depending on the amount of gases pumped 
by the getter, a typically sized getter has the capacity for approximately ten passivation and 
re-activation cycles. 



A particulate trap 160JJ (Fig. 28) is often used to trap soot and carbon particulates 
in the exhaust of diesel engines, and to burn off these particles in a safe and non-polluting 
manner. The present technology can also be used in particulate traps, as described below. 
The detail of particulate traps and their operation is not needed for an understanding of the 
present invention. It is sufficient to know that particulate traps require considerable heat 
and have a relatively high operating temperature for optimal operation. During cold starts, 
when the particulate trap is cold, it is inefficient and does not operate effectively. 
Accordingly, all of the discussion above in regard to providing thermal control and 
management of the vacuum cavity applies, including the discussion relative to PCM 
materials, vacuum atmospheric/ hydrogen control and insulative control, and reflective 
shields. 
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)JTTs similar to the converter structure 



Particulate trap 160JJ~ls similar to the converter structure 
in that the particulate trap 160JJ includes inner and outer housings 21JJ and 22JJ spaced 
apart to define a vacuum cavity 26 J J around the inner housing 21JJ. The inner and outer 
housings 21JJ and 22JJ include inlet and outlet ends where exhaust is received and emitted, 
respectively. An intermediate housing 60JJ holds PCM material adjacent the inner housing 
21JJ. Getter material is provided to maintain the vacuum in the cavity 26 J J for a long 
service life. Hydride materials are provided to emit hydrogen once an operating 
temperature is achieved, so that the particulate trap does not overheat. Radiation shields 
72JJ are wrapped loosely around the intermediate housing 60JJ for reflecting heat energy to 
prevent undesired heat loss. It is to be understood that the cavity 26 JJ can be actively or 
passively thermally managed. A particulate trapping mechanism 161JJ is positioned within 
the inner housing 21JJ and potentially includes a regeneration method of fuel fired thermal 
assist or fuel additive chemical assist to promote complete burning of the carbon particles 
and soot found in diesel exhaust. The particulate trapping mechanism 161JJ is specifically 
designed for particular circumstances and operating parameters, such as for emissions 
expected from a particular engine size and transmission combination. It is contemplated 
that the excellent insulating properties of the present vacuum insulation structures will help 
substantially reduce the weight and size of particulate traps 160JJ. 

In the foregoing description, it will be readily appreciated by those skilled in the art 
that modifications may be made to the invention without departing from the concepts 
disclosed herein. Such modifications are to be considered as included in the following 
claims, unless these claims by their language expressly state otherwise. 
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The invention claimed is: 

1 . A thermally-activated exhaust treatment device adapted to control exhaust emissions 
in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
including a hydrogen source that obviates a need for separate electrical wiring and controls 
for controlling the temperature of the variable insulator device, the hydrogen source 
including a reversible hydride located proximate the first and second outlets in a location 
where the exhaust flowing out the inner housing will heat and activate the hydride. 

2. Canceled. 

3. Canceled. 

4. The device defined in claim 1, wherein the hydride is located in a confined space 
defined proximate the first and second outiets. 

5. The device defined in claim 4, including a porous cover covering and partially 
closing in the confined space. 

6. A thermally-activated exhaust treatment device adapted to control exhaust emissions 
in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 
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an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
including a hydrogen source that obviates a need for separate electrical wiring and controls 
for controlling the temperature of the variable insulator device, wherein the insulator device 
includes a hydride comprising a reversible hydride located in a confined space defined 
between the first and second outlets, the insulator device including a wire mesh member in 
the confined space, and further including a containment ring in the confined space 
configured to hold the wire mesh in the space, the containment ring including holes 
permitting passage of hydrogen from the hydride to a remaining part of the insulation 
cavity. 



7. Canceled. 



8. The device defined in claim 4, including a wire mesh member in the confined 
space. 

9. A thermally-activated exhaust treatment device adapted to control exhaust emissions 
in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
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including a hydrogen source mat obviates a need for separate electricarwiring and controls 
for controlling the temperature of the variable insulator device, the hydrogen source 
including a hydride located in a confined space defined inside the outer housing, and further 
including a wire mesh member in the confined space, and still further including a 
containment ring in the confined space configured to hold the wire mesh in the space, the 
containment ring including holes permitting passage of hydrogen from the hydride to a 
remaining part of the insulation cavity. 

10. The device defined in claim 9, wherein the insulator device includes a getter. 

11. The device defined in claim 10, wherein the hydride is combined with the getter to 
become a reversible getter. 

12. A device adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treatment device therein chosen to reduce emissions from 
the exhaust of a combustion engine as the exhaust passes from the first inlet to the first 
outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a vacuum maintenance device incorporated into the insulation cavity, the vacuum 
maintenance device including a container, getter material positioned in the container, a 
porous member allowing gas in the insulation cavity to communicate with the getter 
material, and a gate covers the porous member to prevent the gas in the insulation cavity 
from communicating with the getter material, the gate having a high melting point such that 
the insulation cavity can be pumped-down, baked, and sealed at a lower first temperature 
and then the gate can be melted away to uncover the porous member at a higher second 
temperature. 
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13. The device defined nWTaim 12, wherein the gate includes matmal selected from a 
group consisting of Magnesium and Aluminum. 



14. The device defined in claim 12, wherein the gate includes a brazing material. 

15. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having a thermally-activated exhaust treatment device therein chosen to 
reduce emissions from the exhaust of a combustion engine as the exhaust passes from the 
first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive vacuum control system comprising: a getter device including getter 
material constructed to act as a vacuum pump to maintain a vacuum in the insulation cavity, 
and a hydrogen-releasing device including hydride material separate from the getter device, 
that is configured to release hydrogen when an elevated temperature range is reached and to 
reabsorb hydrogen upon cooling. 

16. The device defined in claim 15, wherein the getter device and the hydrogen- 
generating device are located within the outer housing. 



17. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having a thermally-active exhaust treatment device therein chosen to reduce 
emissions from the exhaust of a combustion engine as the exhaust passes from the first inlet 
to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
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the first inlet and the first outlet of the inner housing, the inner and oarer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; 

a hydride located in the insulation cavity and adapted to release hydrogen upon 
being heated to a predetermined temperature; and 

a multi-layered radiation shield comprised of alternating layers of insulation material 
and radiant energy reflective materials is positioned in the insulation cavity around the inner 
housing, at least a portion of the radiation shield being spaced away from the inner housing 
to define a passageway between the shield and the inner housing where the hydrogen is 
permitted to flow to provide increased heat transfer when the treatment device reaches the 
predetermined temperature. 

18. The device defined in claim 17, wherein the alternating layers include at least two 
layers of insulation material. 

19. The device defined in claim 17, wherein the insulation material is selected from a 
group consisting of ceramic and fiberglass paper. 

20. The device defined in claim 17, wherein the reflective material is selected from a 
group consisting of copper and aluminum foil. 

21. The device defined in claim 17, wherein the radiation shield includes channels 
formed to permit flow of the hydrogen around the radiation shield and between the 
radiation shield and the inner housing. 

22. The device defined in claim 17, including bands loosely attaching the radiation 
shield to the inner housing. 

23. The device defined in claim 17, including radially-extending supports extending 
through the radiation shield between the inner and outer housings. 
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24. The device defined in claim 17, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover opposing portions of 
the inner housing. 

25. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce emissions from the exhaust of a combustion 
engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the sealed 
insulation cavity having a vacuum drawn therein; and 

a radiation shield placed in the vacuum space and includes a center portion, a 
separated inlet end portion and a separated outlet end portion that overlap the center portion 
to form a continuous barrier to radiation loss of heat from the inner housing, the center 
portion being located between the first and second sidewalls, the inlet end portion being 
located at the first and second inlet end cones, and the outlet end portion being located at 
the first and second outlet end cones. 

26. The device defined in claim 25, wherein the radiation shield includes multiple 
layers, and wherein the center portion has more layers than the inlet end portion and the 
outlet end portion. 

27. The device defined in claim 25, wherein the center portion is cylindrically shaped 
and includes longitudinal edges that overlap inboard edges of the inlet end portion and the 
outlet end portion. 

28. The device defined in claim 25, wherein the radiation shield is multi-layered, and 
includes at least one layer of insulative material and at least one layer of thermal energy 
reflective material. 
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29. The device defined areteim 25, wherein the radiation s 

into separate parts that are configured to mateably engage and cover opposing portions of 
the inner housing. 

30. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first side wall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce emissions from the exhaust of a combustion 
engine as the exhaust passes from the first inlet to the first outlet, and still further having 
phase change material contacting the inner housing; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, and a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a radiation shield with gas passages, the radiation shield being extended around the 
phase change material and the inner housing, the radiation shield including portions spaced 
away from and defining passageways adjacent the phase change material and the inner 
housing that are configured to assist with thermal communication between the exhaust 
treatment device and the outer housing primarily through hydrogen gas conductance when 
the emissions treatment device generating an exothermic reaction. 

31. The device defined in claim 31, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover opposing portions of 
the inner housing. 

32. The device defined in claim 31, wherein the radiation shield surrounds and is 
loosely coupled to the inner housing. 

33. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 
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an inner housing havn^a first sidewall, a first inlet end cone afmiing a first inlet, a 
first oudet end cone defining a first outlet, and having a thermally -activated exhaust 
treatment device therein chosen to reduce emissions from the exhaust of a combustion 
engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a vacuum detector operably connected to the insulation cavity, the vacuum detector 
including a visible indicator of the vacuum in the insulation cavity. 

34. The device defined in claim 33, wherein the visible indicator includes a member 
sufficiently flexible to show a vacuum-drawn dimple. 

35. The device defined in claim 33, wherein the vacuum detector comprises a cap that 
seals the insulation cavity and that includes a member that responds to the presence of a 
vacuum to show that the vacuum exists. 

36. The device defined in claim 33, wherein the exhaust treatment device includes a 
catalytic material. 

37. The device defined in claim 6, wherein the porous member includes a porous cover. 

38. The device defined in claim 9, wherein the porous member includes a porous cover. 

39. The device defined in claim 12, wherein the porous member includes a porous 
cover. 

40. A thermally-activated exhaust treatment device adapted to control exhaust emissions 
in a vehicle comprising: 
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direction and having an exhaust treating device therein chosen to reduce emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
including a hydrogen source that obviates a need for separate electrical wiring and controls 
for controlling the temperature of the variable insulator device, the hydrogen source 
including a hydride located in a confined space defined inside the outer housing, and further 
including a porous cover covering the confined space and configured to hold the hydride in 
the space, the porous cover including holes permitting passage of hydrogen from the 
hydride to a remaining part of the insulation cavity. 

41. The device defined in claim 40, wherein the porous cover includes a containment 
ring with holes therein. 

42. A device adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treatment device therein chosen to reduce emissions from 
the exhaust of a combustion engine as the exhaust passes from the first inlet to the first 
outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a vacuum maintenance device incorporated into the insulation cavity, the vacuum 
maintenance device including a container, getter material positioned in the container, a 
porous member allowing gas in the insulation cavity to communicate with the getter 
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material, and a thin sheet thSKovers the porous cover to prevent th^P^in the insulation - J '^' £ 
cavity from communicating with the getter material, the thin sheet having a high melting 
point such that the insulation cavity can be pumped-down, baked, and sealed at a lower first 
temperature and then the tfwTshe&t can be melted away to uncover the porous cove when 
heated to a higher second temperature. 

43. The device defined in claim 42, wherein the container is located proximate the first 
and second outlets in a location where the exhaust exiting the treating device will heat and 
activate the hydride. 
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VACUUM-INSUgfrED EXHAUST TREATMENT IjH V^BsS . SU CH AS ' 
CATALYTIC CONVERTER WITH PASSIVE CONTROLS 

AB STRA C T 

A thermally-activated exhaust treatment device, such as a catalytic converter for 
5 vehicles, includes a core having an inner housing and a catalytic material. A jacket 

includes an outer housing enclosing the inner housing but characteristically not 
contacting the inner housing. The inner and outer housings include walls forming a 
vacuum-drawn sealed insulation cavity around the inner housing. A temperature- 
activated variable insulator device is positioned within the outer housing and includes a 
10 hydrogen source and controls for controlling the variable insulator device. A vacuum- 

maintenance device is incorporated into the insulation cavity, and includes a small 
container, getter material positioned in the container, a porous member allowing gas in 
the insulation cavity to communicate with the getter material. A multi-layered radiation 
shield is positioned in the vacuum space and is loosely coupled to the inner housing. A 
s 15 vacuum detector includes a visible indicator of the vacuum in the insulation cavity. 
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AMENDED CLAIMS 

[received by the International Bureau on 20 July 2000 (20.07.00); 
original claims 1,11 and 30-32 amended; 
remaining claims unchanged (3 pages)] 

1. A thermally-activated exhaust treatment device, such as a catalytic converter, 
adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first oudet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first inlet 
to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
including a temperature-activated, self-reversing hydrogen source that obviates a need for 
separate electrical wiring and controls for controlling the temperature of the variable 
insulator device. 

2. The device defined in claim 1, wherein the insulator device includes a hydride. 

3. The device defined in claim 2, wherein the hydride comprises a reversible hydride. 

4. The device defined in claim 3, wherein the hydride is located in a confined space 
defined between the first and second outlets. 

5. The device defined in claim 4, including a wire mesh member in the 
confined space. 

6. The device defined in claim 5, including a containment ring in the confined space 
configured to hold the wire mesh in the space, the containment ring including holes 
permitting passage of hydrogen from the hydride to a remaining part of the insulation 
cavity. 
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7. The device defined in claim 1, wherein the hydride is located in a confined space 
defined inside the outer housing. 

8. The device defined in claim 7, including a wire mesh member in the confined 
space. 

9. The device defined in claim 8, including a containment ring in the confined space 
configured to hold the wire mesh in the space, the containment ring including holes 
permitting passage of hydrogen from the hydride to a remaining part of the insulation 
cavity. 

10. The device defined in claim 1, wherein the insulator device includes a getter. 

11. The device defined in claim 10, wherein the hydrogen source includes a reversible 
hydride. 

12. A device adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first inlet 
to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a vacuum maintenance device incorporated into the insulation cavity, the vacuum 
maintenance device including a container, getter material positioned in the container, a 
porous member allowing gas in the insulation cavity to communicate with the getter 
material, and a gate covers the porous member to prevent the gas in the insulation cavity 
from communicating with the getter material, the gate having a high melting point such that 
the insulation cavity can be pumped-down, baked, and sealed at a lower first 
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30. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce undesirable emissions from the exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, and a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a radiation shield with gas passages, the radiation shield being extended around the 
thermal energy storage material and the inner housing, the radiation shield being configured 
to assist with thermal communication the emissions treatment device and the outer housing 
primarily through hydrogen gas conductance when the emissions treatment device is hot 
and generating an exothermic reaction. 

31 . The device defined in claim 30, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover the inner housing with 
a clam-shell-like motion. 

32. The device defined in claim 30, including a thermal energy storage material located 
around and loosely coupled to the inner housing. 

33. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce undesirable emissions from the exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 
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(57) Abstract: A thermally-activated exhaust treatment device, such as a catalytic converter (20), for vehicles includes a core having 
an inner housing (21) and a catalytic material (27, 27*). A jacket includes an outer housing (22) enclosing the inner housing (21) 
but characteristically not contacting the inner housing (21). The inner and outer housings (21, 22) includes walls (30, 31) forming 
a vacuum-drawn sealed insulation cavity (26) around the inner housing (21). A temperature-activated variable insulator device is 
positioned within the outer housing (22) and includes a hydrogen source (32) and controls for controlling the variable insulator 
device. A vacuum-maintenance device is incorporated into the insulation cavity (26), and includes a small container, getter material 
positioned in the container, a porous member allowing gas in the insulation cavity (26) to communicate with the getter material. A 
mulu-layered radiation shield is positioned in the vacuum space and is loosely coupled to the inner housing (21). A vacuum detector 
includes a visible indicator of the vacuum in the insulation cavity (26). 
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VACUUM-INSULATED EXHAUST TREATMENT DEVICES, SUCH AS 
CATALYTIC CONVERTERS, WITH PASSIVE CONTROLS 
BACKGROUND OF THE INVENTION 
The present apparatus relates to automotive exhaust systems, and more 
particularly relates to exhaust treatment devices such as catalytic converters and 
particulate traps that are vacuum-insulated and that have hydrides to variably control the 
thermal insulative value in the vacuum cavity and further that have getters to help 
preserve the vacuum for a longer period of time while in service. 

Most vehicle exhaust systems and particularly exhaust systems of vehicles 
powered by internal combustion engines are equipped with catalytic conveners for 
reducing noxious emissions in exhaust gases. Many vehicles such as those powered by a 
diesel engine also include particulate traps for reducing emission of particulates. A 
problem exists in that a large part of tailpipe emissions (such as HC, CO, NOx and/or 
particulates) occur during the initial cold start phase when the catalytic converter and 
particulate traps are least effective. 

More specifically, modern engine exhaust treatment systems for vehicles include 
a catalytic converter which converts toxic exhaust emissions to non-toxic gases. The 
oxidative and reductive reactions that convert the emissions occur on the hot catalytically 
active surface of the converter. Until the converter is heated to a sufficiently high 
temperature, these reactions do not occur efficiently such that exhaust gases pass through 
the system untreated. EPA estimates indicate that as much as 80% of all automobile 
commuter exhaust emissions occur during the so-called "cold start" period when the 
catalytic converter is heating up to operational temperature. 

A vacuum-insulated catalytic converter with included thermal energy storage 
improves the efficiency of engine exhaust emissions treatment by remaining hot long 
after the engine is shut off. If the engine is not shut off for too long, the still hot and 
catalytically active converter is immediately effective the next time the engine is used 
and avoids the "cold start" emission of untreated exhaust gases. The catalytic converter 
may also include a variable insulating system having an electrically heated, reversible 
source of hydrogen that communicates with the vacuum-insulated shell of the converter. 
This electrically controlled source of hydrogen provides a variable conductivity means of 
limiting the temperature of the converter so as to prevent it from overheating and 
suffering damage. Specifically, the hydrogen source captures hydrogen at low 
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temperatures to maximize the insulative value of the vacuum cavity at the low 
v temperatures, but releases hydrogen once the catalytic converter reaches a predetermined 

w light-off" temperature at which the catalytic reaction becomes exothermic. The 
presence of the hydrogen in the vacuum cavity increases the thermal conductivity across 

* 5 the vacuum cavity of the catalytic converter, thus assisting in removing heat to prevent 

overheating and damage to the catalytic materials. 

However, passive thermal energy storage systems and the variable insulation 
systems have problems. In passive thermal energy storage systems, the thermal energy 
storage material is well-connected thermally to the catalytic converter so that heat will 

10 readily flow from the thermal energy storage material to the catalytic converter when it 

requires heat. However, when the converter has sat for a long time and the thermal 
energy storage material has cooled, this close coupling will draw heat from the hot 
exhaust gas stream and from the catalyst until the thermal energy storage material itself 
is heated to a high temperature. This will require a particularly long time during which 

15 untreated exhaust gases will be emitted. Thus, while the above-discussed design is 

effective in reducing "cold start" emissions when it is hot, it actually exacerbates the 
"cold start" problem whenever the converter has been allowed to cool. Notably, no 
matter how effectively the converter stores heat, there will be times when it has cooled 
and will suffer from some degree of "cold start" emissions. The electrically heated and 

20 controlled hydrogen source disclosed in Benson 5,477,676 to prevent the converter from 

overheating requires complex and expensive wiring to the catalytic converter. This 
wiring and control system also adds to the vulnerability of the exhaust system to failure 
and increases the risk of a warranty liability or expensive model recall action by the 
manufacturer. This can be a serious problem, particularly given the severe 

25 environments that exhaust systems are subjected to. 

Yet another problem with vacuum-insulated catalytic converters is that it is 
difficult to tell if the vacuum exists, after the system is put on a vehicle and subjected to 
use. It is known to use a getter material to help preserve a vacuum. Getter materials 
combine with gases to form solids (or absorb gases into their atomic matrix) which helps 

30 maintain a sufficient vacuum in a sealed chamber. However, getter materials have a 

maximum absorbence value after which they are no longer effective. A catalytic 
converter structure is desired that facilitates placing a getter material within a vacuum 
cavity in a catalytic converter without using up the getter material prior to drawing a 
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high vacuum in the cavity. It is desirable to seal a vacuum cavity prior to activating a 
getter material. But once a cavity is sealed, there is no economical or easy access to the 
vacuum cavity to allow measurement of the vacuum level. 

Particulate traps, often used on diesei exhaust emissions, have similar problems 

• 5 to catalytic converters, in that they are most effective when at a minimum operating 

temperature. For example, vacuum-insulated structures are desired, including variable 
thermal insulative control, reduced thermal loss at low temperature and after engine 
shut-off, vacuum detection/indication after assembly, and the like. Another problem of 
particulate traps is their high weight. 

10 Accordingly, exhaust treatment devices/structures are desired solving the 

aforementioned problems and offering the aforementioned advantages. 

SUMMARY OF THE INVENTION 
In one aspect of the present invention, a thermally-activated exhaust treatment 
device, such as a catalytic converter, is adapted to control exhaust emissions in a 

15 vehicle. The device includes an inner housing having a first inlet and a first outlet 

defining a longitudinal direction and having an exhaust treating device therein chosen to 
reduce undesirable emissions from the exhaust of a combustion engine as the exhaust 
passes from the first inlet to the first outlet. The device further includes an outer 
housing enclosing the inner housing but characteristically not contacting the inner 

20 housing. The outer housing includes a second inlet and a second outlet that align with 

the first inlet and the first outlet of the inner housing. The inner and outer housings 
include walls forming a sealed insulation cavity around the inner housing, with the 
insulation cavity having a vacuum drawn therein. A passive, temperature-activated 
variable insulator device is positioned within the outer housing in communication with 

25 the insulation cavity. The variable insulator device includes a hydrogen source that 

obviates a need for separate electrical wiring and controls for controlling the temperature 
of the variable insulator device. 

In another aspect of the present invention, a device adapted to control exhaust 
emissions in a vehicle includes an inner housing having a first inlet and a first outlet 

30 defining a longitudinal direction and having an exhaust treatment device therein chosen 

to reduce undesirable emissions from the exhaust of a combustion engine as the exhaust 
passes from the first inlet to the first outlet. The device further includes an outer 
housing enclosing the inner housing but characteristically not contacting the inner 
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housing. The outer housing includes a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing. The inner and outer housings 
include walls forming a sealed insulation cavity around the inner housing, with the 
insulation cavity having a vacuum drawn therein. A vacuum maintenance device is 

• 5 incorporated into the insulation cavity. The vacuum maintenance device includes a 

container, getter material positioned in the container, a porous member allowing gas in 
the insulation cavity to communicate with the getter material, and a gate covers the 
porous member to prevent the gas in the insulation cavity from communicating with the 
getter material. The gate has a high melting point such that the insulation cavity can be 

10 pumped-down, baked, and sealed at a lower first temperature and then the gate can be 

melted away to uncover the porous member at a higher second temperature. 

In another aspect of the present invention, an exhaust treatment device adapted to 
control exhaust emissions in a vehicle includes an inner housing having a first inlet and a 
first outlet defining a longitudinal direction and having a thermally-activated exhaust 

15 treatment device therein chosen to reduce undesirable emissions from the exhaust of a 

combustion engine as the exhaust passes from the first inlet to the first outlet. The 
device further includes an outer housing enclosing the inner housing but 
characteristically not contacting the inner housing. The outer housing includes a second 
inlet and a second outlet that align with the first inlet and the first outlet of the inner 

20 housing. The inner and outer housings include walls forming a sealed insulation cavity 

around the inner housing, the insulation cavity having a vacuum drawn therein. A getter 
device is provided that includes a getter material constructed to act as a vacuum pump to 
maintain a vacuum in the insulation cavity. A hydrogen-releasing device is also 
provided that includes hydride material separate from the getter device. The hydride 

25 material is configured to release hydrogen when an elevated temperature range is 

reached and to reabsorb hydrogen upon cooling. 

In another aspect, an exhaust treatment device adapted to control exhaust 
emissions in a vehicle includes an inner housing having a first inlet and a first outlet 
defining a longitudinal direction and having a thermally-active exhaust treatment device 

30 therein chosen to reduce undesirable emissions from the exhaust of a combustion engine 

as the exhaust passes from the first inlet to the first outlet. The device further includes 
an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing. The outer housing includes a second inlet and a second outlet that align 
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with the first inlet and the first outlet of the inner housing. The inner and outer housings 
include walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein. A multi-layered radiation shield comprised of 
alternating layers of insulation material and radiant energy reflective materials is 
positioned in the insulation cavity around the inner housing. 

In another aspect, an exhaust treatment device adapted to control exhaust 
emissions in a vehicle includes an inner housing having a first sidewall, a first inlet end 
cone defining a first inlet, a first outlet end cone defining a first outlet, and having a 
thermally-activated exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first 
inlet to the first outlet. The device further includes an outer housing enclosing the inner 
housing but characteristically not contacting the inner housing. The outer housing 
includes a second sidewall, a second inlet end cone defining a second inlet, a second 
outlet end cone defining a second outlet. The inner and outer housings form a sealed 
insulation cavity around the inner housing, with the insulation cavity having a vacuum 
drawn therein. A radiation shield is placed in the vacuum space and includes a center 
portion, an inlet end portion and a outlet end portion that form a continuous barrier to 
radiation loss of heat from the inner housing. The center portion is located between the 
first and second sidewalls, with the inlet end portion being located at the first and second 
inlet end cones, and the outlet end portion being located at the first and second outlet end 
cones. 

In another aspect, an exhaust treatment device adapted to control exhaust 
emissions in a vehicle includes an inner housing having a first sidewall, a first inlet end 
cone defining a first inlet, a first outlet end cone defining a first outlet, and having a 
thermally-activated exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first 
inlet to the first outlet. The device further includes an outer housing enclosing the inner 
housing but characteristically not contacting the inner housing. The outer housing 
includes a second sidewall, a second inlet end cone defining a second inlet, and a second 
outlet end cone defining a second outlet. The inner and outer housings form a sealed 
insulation cavity around the inner housing, with the insulation cavity having a vacuum 
drawn therein. A radiation shield is provided with air passages. The radiation shield is 
extended around and loosely coupled to the thermal energy storage material and the 
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inner housing. The radiation shield is configured to assist with thermal communication 
the emissions treatment device and the outer housing primarily through hydrogen gas 
conductance when the emissions treatment device is hot and generating an exothermic 
reaction. 

•5 In another aspect, an exhaust treatment device adapted to control exhaust 

emissions in a vehicle includes an inner housing having a first side wall, a first inlet end 
cone defining a first inlet, a first outlet end cone defining a first outlet, and having a 
thermally-activated exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first 

10 inlet to the first outlet. The device further includes an outer housing enclosing the inner 

housing but characteristically not contacting the inner housing. The outer housing 
includes a second sidewall, a second inlet end cone defining a second inlet, a second 
outlet end cone defining a second outlet, the inner and outer housings forming a sealed 
insulation cavity around the inner housing, the insulation cavity having a vacuum drawn 

15 therein, A vacuum detector is operably connected to the insulation cavity. The vacuum 

detector includes a visible indicator of the vacuum in the insulation cavity. 

These and other feature, advantages, and objects of the present invention will be 
further understood and appreciated by those skilled in the art by reference to the 
following specification, claims, and appended drawings. 

20 DESCRIPTION OF DRAWINGS 

Fig. 1 is a cross-sectional view of a catalytic converter embodying the present 
invention; 

Fig. 2 is an enlarged view of an outlet end of the catalytic converter shown in 

Fig. 1; 

25 Fig. 3 is an end view of the containment ring shown in Fig. 2; 

Fig. 4 is a fragmentary cross-sectional view of an outlet end of a modified 
catalytic converter; 

Figs. 5-6 are plan and side views of one type of the container of getter and 
hydride material shown in Fig. 4; 
30 Fig. 7 is a cross-sectional view taken along the line VII- VII in Fig. 6; 

Fig. 8 is a plan view of one type of construction of the hydride material; 
Fig. 9 is a cross-sectional view taken along lines IX-IX in Fig. 8; 
Fig. 10 is an enlargement of the circled area in Fig. 9; 
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Fig. 11 is a fragmentary side view of the structure forming the opening in the 
outer housing, the opening being shaped to receive the getter container and cap/lid in 
Figs. 5-6; 

Fig. 12 is a cross-sectional view similar to Fig. 11, but shown as longitudinally 
* 5 cut apart and with the getter container installed and with the vacuum detector/seal cap 

installed; 

Fig. 13 is a side cross-sectional view of the vacuum detector/seal cap that covers 
the opening; 

Fig. 14 is a plan view of the vacuum detector/seal cap shown in Fig. 13; 
10 Figs. 15-16 are plan and side views of a modified container for containing getter 

and hydride material, the container including flanges for attachment to the outer housing; 
Fig. 17 is a perspective view of the container shown in Fig. 15; 
Fig. 18 is a cross-sectional view of aluminum and copper foils and ceramic and 
fiberglass insulations incorporated into the radiation shield; 
15 Fig. 19 is a side view of a tube incorporating the getter and hydride material of 

Fig. 15; 

Fig. 20 is a fragmentary side cross -sectional view of a modified catalytic 
converter including a leafed layered radiation shield; 

Fig. 21 is a side cross-sectional view of a modified catalytic converter including a 
20 loosely -attached radiation shield with air passages coupled to the inner housing of the 

catalytic converter; 

Fig. 22 is an end view of the catalytic converter shown in Fig. 21; 

Fig. 23 is a cross-sectional view taken along the line XXIII-XXIII in Fig. 21. 

Figs. 23 A and 23B are cross-sectional views of modified catalytic converters 
25 having radiation end shields; 

Fig. 24 is a cross-sectional view of a modified catalytic converter; 

Fig. 25 is a fragmentary cross-sectional view of a modified catalytic converter; 

Fig. 26 is an exploded view of Fig. 25; 

Fig. 27 is a view of the catalytic converter of Fig. 26 shown in a bake-out 

30 chamber; and 

Fig. 28 is a schematic view of a particulate trap embodying the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The illustrated catalytic converter 20 (Fig. 1) is a vacuum-insulated converter 
having an inner housing 21 positioned within and insulated from an outer housing 22. 
Expansion joints 23 and 24 are provided at each end of the inner housing 21, and 

* 5 supports 25 and 25' are provided to support the inner housing 21 within the outer 

housing 22 while maintaining a vacuum-insulated cavity 26 forming a relatively constant 
gap around the inner housing 21. A sufficient vacuum is drawn on the cavity 26 so as to 
eliminate heat loss from air conduction and convection. The supports 25 and 25' within 
the converter design are particularly configured to accommodate longitudinal thermal 

10 expansion of the hot inner housing 21 relative to the cool outer housing 22. The internal 

supports 25 and 25' bridge the vacuum insulation and are sufficiently stiff to 
accommodate dynamic (vibration and impact) loads at temperature, yet are flexible 
enough to accommodate unequal thermal expansion of the inner and outer housings 21 
and 22, and further are of minimal cross-sectional size and minimal conductance to 

15 minimize heat loss. 

More specifically, the inner housing 21 is preferably fabricated of metal or other 
material that is impermeable to gases, and is adapted to contain one or more catalyst 
substrates 27 and 2T . Exhaust gases from an internal combustion engine flow through 
the catalytic converter 20, as indicated by the arrows 28, including through the 

20 numerous small, catalyst-coated pores or channels that are formed in the catalytic 

substrates 27 and 27'. The inner housing 21 is enclosed within the outer housing 22, 
and its sidewall 30 is spaced radially inwardly from the sidewall 31 of the outer housing 
with the supports 25 and 25' supporting it to maintain a relatively constant gap. The 
outer housing 22 is also preferably fabricated of metal or other material that is 

25 impermeable to gases, even in hot and high-order vacuum environments. The cavity 26 

forms an annular space between the inner and outer housings 21 and 22 that is evacuated 
to form a sufficient vacuum for insulative purposes. The insulating performance of the 
cavity 26 is variably controlled by a temperature sensitive hydrogen source device 32 
that includes a hydride material, and the vacuum is maintained by a separate vacuum 

30 maintenance device 32' that includes a getter material, as discussed below. 

A funnel-shaped inner inlet end cone 33 is attached to the inlet end of the 
sidewall 30 of the inner housing 21, and a funnel-shaped outer inlet end cone 34 is 
attached to inlet end of the sidewall 31 of the outer housing 22. An inlet subassembly 35 
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includes an inlet tube section 36 attached to the open end of the outer inlet end cone 34, 
and an inlet tube section 37 attached to the open end of the inner inlet end cone 33. A 
bellows 38 is attached between the inboard and outboard inlet tube sections 36 and 37, 
the bellows 38 being configured to allow dissimilar longitudinal thermal expansion of the 
inner and outer housings 21 and 22. An end of the inlet tube section 36 projects from 
the outer inlet end cone 34, and an annular attachment flange 39 is secured to the inlet 
tube section 36 for attaching the catalytic converter 20 to an engine exhaust pipe. The 
illustrated supports 25 extend from the outer inlet end cone 34 to the inner inlet end cone 
33 at a plurality of circumferentially spaced positions. The supports 25 include spokes 
40, a hub flange 41 and a rim flange 42 that abut and are joined to the inner and outer 
inlet end cones 33 and 34. 

A funnel-shaped inner outlet end cone 43 is attached to or formed in the outlet 
end of the side wall 30 of the inner housing 21, and a funnel-shaped outer outlet end cone 
44 is attached to the oudet end of the sidewall 31 of the outer housing 22. An outlet 
subassembly 45 includes an outlet tube section 46 attached to the open end of the outer 
outlet end cone 44, and an outlet tube section 47 attached to the open end of the inner 
outlet end cone 43. A bellows 48 is attached between the inboard and outboard outlet 
tube sections 46 and 47, the bellows 48 being configured to allow dissimilar longitudinal 
thermal expansion of the inner and outer housings 21 and 22. An end of the outlet tube 
section 46 projects from the outer outlet end cone 44. It includes a tube 49' shaped to 
form an annular space for getter and/or hydride material. An exhaust pipe attachment 
flange 49 is secured to the outlet tube section 46 for attaching the catalytic converter 20 
to an engine manifold exhaust pipe. The illustrated supports 25' extend from the outer 
outlet end cone 44 to the inner oudet end cone 43 at a plurality of circumferentially 
spaced positions. The supports 25' include spokes 50, a hub flange 51, and a rim flange 
52 that abut and are welded to the inboard and outboard inlet end cones 43 and 44. The 
illustrated reinforcement tube 49' and outlet tube section 46 are fixed together, and 
define a space 49 " therebetween filled with getter and/or hydride material. The hydride 
material recaptures hydrogen from the insulating cavity 26 when the catalytic converter 
20 is at a low temperature to increase the insulating effect of the vacuum at low 
temperature (which helps the catalytic converter reach its operating temperature more 
quickly). The hydride releases hydrogen to increase conductivity when the catalytic 
converter 20 is at a high temperature (which helps prevent overheating). The getter 
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material removes gases from the cavity 26, and helps maintain the sufficient vacuum in 
the cavity 26 for a longer service life. 

End shields 56 and 57 are placed in the inlet and outlet outer tube sections 36 and 
46, respectively, adjacent an outer end of the bellows 38 and 48. The end shields 56 and 
•5 57 include a plurality of holes 58 that reduce turbulence in the flow of exhaust gases 

through the catalytic converter 20, and also the end shields 56 and 57 slow convection 
heat transfer and help retain the heat within the catalytic converter 20 when the flow of 
exhaust stops. Further, the end shields 56 and 57 may include catalytic material 
themselves if desired. 

10 A phase-change material (PCM)-containing intermediate housing 60 including 

annular end walls 62 is attached to the sidewall of the inner housing 21 in the cavity 26, 
and forms a sealed separate chamber around the inner housing 22. Phase change 
material 61 is placed in the chamber of housing 60. The phase change material 61 is 
formulated to change its phase and store heat during the heat-up period of the catalytic 

15 converter, and further is configured to release heat during cool-down of the catalytic 

converter 20. The result is that the phase change material 61 causes the inner housing 
21 and catalytic materials 27 and 27' to reach their "light-off temperatures much more 
quickly. Once the catalytic materials reach the "light-off" temperature (usually about 
315 - 430 degrees C), the temperature of the catalytic converter 20 raises rapidly to its 

20 operating temperature from the exothermic heat of the catalytic reactions with the 

exhaust gases. 

The outer inlet end cone 34 forms an angle to a longitudinal direction, and the 
inner inlet end cone 33 forms an angle to the longitudinal direction 63, with both the 
outer and inner inlet end cones opening up as the exhaust gases flow into the catalytic 

25 converter 20. The spokes 40 of the illustrated supports 25 at the inlet end extend at an 

angle of about 45 degrees from the longitudinal direction 63, such that they interconnect 
the cones 33 and 34. It is noted that spokes 50 can extend angularly at either direction 
and can be connected to other components, e.g. outer housing 22 and/or intermediate 
housing 60. The spokes 50 of the illustrated supports 25' at the outlet end extend at an 

30 angle of about 45 degrees from the longitudinal direction 63, such that they interconnect 

the cones 43 and 44. The spokes 40 and 50 of the supports 25 form spokes that are 
circumferentially spaced around the bellows 38 and 48, and there are sufficient spokes 
40 and 50 such that the inner housing 21 is stably supported within the outer housing 22 
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for non-contacting concentric support. The appearance in end view is much like a 
spoked wheel. The combination of the spoke-like bodies 40 with the cones 33 and 34 at 
the inlet end, and the spoke-like bodies 50 with the cones 43 and 44 at the outlet end, 
form a support structure capable of maintaining support on the inner housing 21 while 
- 5 still accommodating the different thermal expansion of the inner housing 21 relative to 

the outer housing 22 (particularly in a longitudinal direction). As illustrated, the spoke- 
like bodies 40 at the inlet end are longer than the spoke-like bodies 50 at the outlet end. 
A scope of the present invention is believed to include both configurations, and 
variations thereof. 

10 When the catalytic converter 20 is in a cooled state and the exhaust gases begin 

to flow (i.e. when the engine is started), the inner and outer housings 21 and 22 will 
gradually heat, with the inner housing 21 heating much sooner and faster. As it heats, 
the inner housing 21 will lengthen by several millimeters, such as about 4-mm, ahead of 
the outer housing 22. The outer housing 22 also heats, but at a slower rate and with a 

15 delayed time period and also to a lower highest temperature. This causes longitudinally 

directed stress to occur on the supports 25 and 25'. The curvature of attachment flanges 
41 and 51 to the bodies 40 and 50, respectively, and their general shape and angular 
attachment cause the bodies 40 and 50 to bend into a curvilinear/concave shape, and 
causes them to do so simultaneously and predictably as the inner and outer housings 21 

20 and 22 undergo different thermal expansions. The pressure of supports 25 and 25' can 

also cause the outlet end cones 43 and 44 to bow slightly apart from each other, 
depending on the strength of the supports 25 and 25'. By this predictable bending, the 
cavity 26 is reliably maintained around the inner housing 21 such that it does not contact 
the outer housing 22. 

25 The cross-sectional shape of the supports 25 and 25' is made sufficient to provide 

the functional strength required to hold the inner housing 21 in its isolated position 
within the outer housing 22, but the cross-sectional shape is minimized to reduce heat 
transfer along the supports 25 and 25'. The cross-sectional shape of the supports 25 and 
25' vary greatly depending upon a weight of the inner housing 21 and components 

'30 therein, depending upon loading (vibrational and impact) test requirements of the vehicle 

manufacturer, and depending upon test results and fine-tuning of the exhaust system on a 
given model vehicle. For example, the spokes can be made from 1.5 mm thick by 4-mm 
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wide stainless steel material where at least four supports 25 (and 25') are used 
circumferentially around the inlet and outlets of the catalytic converter 20. 

CONTAINMENT USED FOR PASSIVE ACTIVATION 
OF HYDRIDE WITHIN CATALYTIC CONVERTER (Figs. 1-3) 

- 5 The present invention allows for passive activation of a hydride by the exhaust 

gases flowing through the catalytic converter 20 (Fig. 1). The hydrogen source device 
32 (Fig. 2) includes a containment structure 90, which includes parts of inner and outer 
tubes 46 and 49' for containing the hydride material 91 . The containment structure 90 is 
formed around (and in part by) the outlet tube 46 so that it is coupled to the exhaust 

10 stream in such a way as to allow activation of the hydride within a narrow temperature 

band and without any external control. The hydride material 91 releases hydrogen into 
the insulating cavity 26 at a rate that is related to the temperature and pressure of cavity 
26, such that conductivity is increased as the temperature of the catalytic converter 20 
increases. Thus, the arrangement provides an over-temperature protection mechanism 

15 for the catalyst 27 and 27' within the vacuum-insulated catalytic converter 20. The 

hydride material 91 is kept within the annulus section of the containment structure 90 by 
a fine wire mesh 42 (or porous sintered metal) that allows free flow of hydrogen. The 
fine wire mesh 92 is held in place by a containment ring 93 that has multiple holes 94 
(Fig. 3) so as not to restrict the flow of hydrogen from the hydride to the interior cavity 

20 26 of the catalytic converter 20. 

A plurality of modified catalytic converters are disclosed below. In order to 
reduce redundant discussion, each successive modification uses the same identification 
numbers as the earlier described embodiment, but with the addition of a letter, such as 
tt A", a B\ and etc. 

25 PASSIVE HYDRIDE AND GETTER SELECTION AND POSITION (Figs. 4-10) 

This section discusses and proposes the use of a separate getter 96 and hydride 97 
in a converter. The getter and hydride perform two different functions in the vacuum 
space. The getter is intended to act as a vacuum pump through the life of the converter. 
The hydride stores hydrogen gas that is released with elevated temperature, thereby 

30 acting as an overtemperature protection for the catalytic converter. Previous designs 

have provided the getter and hydride as one and the same component. This invention 
involves the use of two separate materials for the hydride and getter. There are distinct 
advantages in using different containers and positions for the hydride and getter. It is 

-12- 



WO 00/43104 



PCT/US00/01474 



noted that the hydride 97 and getter 96 in Fig. 4 are illustrated as being held in separate 
container 98 and 97', but it is contemplated that they could be mixed and held in the 
same container, such as container 98 (see Fig. 7). Container 97' is ring-shaped and is 
supported by a support 97'* that permits flow of gases between the container 97* and the 

* 5 insulation cavity 26. 

A getter is used in the vacuum insulation to maintain the vacuum during the life 
of the part. It does this by reacting with gases present thereby acting as a chemical 
vacuum pump. Eventually the getter material may completely react with gas and no 
longer function. The hydride is usually the same type of material as the getter; 

10 however, it is charged with hydrogen that is desorbed as a function of temperature. 

Hydrogen has a very high thermal conductivity so that a small amount of hydrogen in 
the vacuum space (a few torr pressure) will cause the space to conduct heat and no 
longer be insulating. The hydride can be consumed by getter-type reactions with other 
gas species and no longer be reversible. Separating the hydride and getter functions 

15 extends the functionality of the hydride preferably over the life of the component. Also, 

by using a different composition for the getter and hydride, the getter activation and 
release of hydrogen gas will occur at different temperatures. Specifically, a SAES St707 
material will have lower activation and hydrogen release temperatures than a SAES 
StlOl material. By using the St707 material for the getter function (i.e. getter 96), it can 

20 be activated as a getter during the latter stages of the vacuum bake-out, and even assist 

the vacuum bake-out. The SAES StlOl has a sufficiently high getter activation that will 
not be reached until the end of the vacuum bake-out, thereby preserving its capacity as a 
hydride (i.e. hydride 97); and hydride release temperature that will not be reached 
during bake-out thereby preserving its hydrogen. 

25 The getter 96 and hydride 97 are contained in a container 98 attached to the outer 

wall 31A of the outer housing 22A. The container 98 (Fig. 7) includes a lower cup 
portion 99 where the getter 96 and hydride 97 are contained, and further includes an 
annular ring 100 and up flanges 101. A seal layer 102 covers the cup portion 99, 
holding the getter 96 and hydride 97 in the cup portion 99. The up flanges 101 include 

30 lips 102' that frictionally engage the extruded material 103 around the opening 104 in the 

wall 31 A of outer housing 22 A (Fig. 12). The container 98 can be extended through the 
opening 104 from the outside into the cavity 26A, with the lips 102 abutting the marginal 
material 103 to hold the container 98 at a selected position. Detents or an inwardly direct 
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crimp or flange is used to secure the porous cap in place. Also, a can-shaped structure 
can be used (see Fig. 16). Holes 105 (Fig. 6) in the up flanges 101 and also spaces 106 
between the up flanges 101 assure that the getter 96 and the hydride 97 are in 
communication with the insulating cavity 26A. A vacuum detector/seal lid 107 is 
5 snapped over the opening 104 and sealed with braze to cover the opening 104. As 

described below, the lid 107 is flexible, and dimples when exposed to a vacuum, such 
that it acts as a vacuum indicator to show the presence of a vacuum (or lack of a 
vacuum) in the vacuum-insulating cavity 26 A. It is contemplated that the getter 96 
and/or the hydride 97 can be placed in the end cavity 32 (See Fig. 1), and/or in the 

10 container 98 (Fig. 4), and/or in both (in separate places or in the same place but as 

separate materials). 

It is contemplated that the holes in the containment ring 93 can be varied in 
number and size to control use of the getter 96 and/or the hydride 97. (Fig. 3) Further, 
a brazing material 108 can be used to plug the holes 94 until after an initial bake out, so 

15 that the getter 96 is not entirely used up during initial bake out. For example, the 

brazing material 108 would cover the holes 94 during an initial low temperature bake, 
but would melt and unseal the holes 94 during a higher temperature bake. 

VACUUM DETECTOR/SEAL CAP (Figs. 11-14) 
This invention is used on a vacuum-insulated catalytic converter to provide the 

20 customer with a physical and visual check of the presence of vacuum in the insulating 

cylinder, around the catalytic converter. It is a lid 107 (Figs 12-14) with a brim 110 
which is pressed over and frictionally engages an extruded neck 103 (Fig. 12) formed by 
the marginal material around the opening 104 in the wall 31 A of the outer housing 22A. 
The lid 107 can be brazed and sealed in a vacuum furnace to a corresponding 

25 embossment on the outer jacket of the converter. The lid 107 is preferably mechanically 

assembled to the outer jacket to help control the fit up for the brazing operation. The 
converter 20A is baked in a vacuum at a heat high enough to drive off all the water 
molecules that may be present. The braze operation will occur when the bake-out is 
complete, and the proper vacuum has been achieved. The assembly will be cooled under 

30 vacuum to a temperature that guarantees that the brazing material has re-solidified and 

the sealing is complete. As the product is cooled and the atmosphere is raised back up 
to normal, a flat center panel of the lid 107 will dimple in with the pressure differential 
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like a jar lid does during the canning process of fruits and vegetables. As long as the 
vacuum stays intact, the dimple will remain. 

The purpose of the invention is to provide the customer a quick gauge to 
diagnose whether or not the vacuum is still present inside the insulation cavity 26A 
which surrounds the core and inner housing 21A of the catalytic converter 20A. In use, 
the seal cap/lid 107 does two main functions. It closes the unit off to outside atmosphere 
as it is brazed to the outer jacket/outer housing 22 A of the catalytic converter 20A. The 
hole 104 that the lid 107 is being brazed over is the final orifice for gas evacuation in the 
unit. All other joints have been sealed and tested for leaks at this point. 

The cap/lid 107 is the gauge to detect the presence of the vacuum in vacuum 
insulation cavity 26 A of the catalytic converter 20 A. As the converter 20A is brought 
back into normal atmospheric pressure, the pressure differential of the cavity 26 to 
ambient is great enough to cause this thin walled cap/lid 107 to pop in. If the vacuum 
cavity 26A springs a leak, the insulation property of the catalytic converter unit is 
greatly reduced, and the outer shell/outer housing 22A of the converter 20A will become 
hot; but even before it shows signs of overheating, the cap/lid 107 will have popped up. 
A thermal couple can be to the jacket attached to detect the presence of abnormal heat to 
the outside skin/wall 31 A of the catalytic converter 20A. A light on the dash will warn 
the motor vehicle operator of the overheating condition. This condition can be caused 
by several events, but the seal cap/lid 107 makes it possible to quickly verify whether 
the loss of the vacuum is the reason for the warning. 

REVERSIBLE GETTER ATMOSPHERE PROTECTION 
DURING BUILD AND BAKE-OUT (Figs. 15-17) 

A getter or getter-hydride may be incorporated into the vacuum space of the 
vacuum-insulated catalytic converter. This will necessitate exposing the getter-hydride 
to atmosphere during fabrication and also to low levels of gas during pump-down and 
bake-out of the unit. To isolate the getter-hydride from gas exposure until the unit has 
been baked-out and sealed, the following canister construction will provide protection 
and can then be passively removed during normal operation of the unit. 

The getter/hydride unit 120 including getter/hydride material 96C/97C (Figs. 15 
and 16) is contained in the metal can 121 of some higher melting point material, e.g., 
stainless steel. A porous lid 122 contains the getter/hydride powder 96C/97C but allows 
gas communication with the atmosphere in the vacuum space 26. A metal foil 123 
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initially covers the porous metal lid 122 of the container/can 121 (Fig. 17). This metal 
foil 123 could be brazed on or even simply wrapped over the top and crimped in place 
using a wire. The metals Magnesium (Mg) or Aluminum (Al) would be particularly 
effective because in addition to providing a physical barrier they would react with any Ch 
*5 or H2O present during the bake-out step. It is expected that H2O will outgas or dissolve 

from the vacuum space surfaces especially during the bake-out step. Therefore the Mg 
or Al foil will also act as an initial getter and provide a chemical barrier for the 
permanent getter-hydride. 

After the unit is evacuated, baked-out and sealed, the unit will be put in 
10 operation. Once a unit reaches ~642°C (m.p. of Mg) or ~660°C (m.p. of Al), these 

foils 123 will melt and provide or allow the porous metal top 122 to now be exposed to 
the vacuum space. The Mg will be particularly quick to dissipate as it has very little 
interaction with steel and has a high vapor pressure. 

ALUMINUM FOIL INCORPORATED INTO THE RADIATION 
15 SHIELDS AS A GETTER (Fig. 18) 

Aluminum foil is very reactive with oxygen, especially at elevated temperatures 
encountered in a catalytic converter. Two of the main gases released during the bake- 
out of the assembled converter are H2O and CO. A large source of these gases is the 
surface area of the multi-layer radiation shields 130 (Figs. 18 and 20) within the 
20 converter 20. By incorporating aluminum foil within the layers of the radiation shields 

130, the aluminum foil can combine with the oxygen present in these gases and act as a 
getter adjacent to the source of the gas, i.e., the radiation shields 130. 

The aluminum foil will act to combine or getter with some of the gases evolved 
during bake-out of the converter. This gettering action will take place within the 
25 radiation shielding which is the main source of gases during bake-out. The close 

proximity of getter to out-gassing will speed up the bake-out. Aluminum foil should also 
be less costly than typical getter materials that will also be used within the converter. 

GETTER SEALING 
The getter should not be exposed to the interior of the catalytic converter during 
30 bake-out of the converter which dispels unwanted gases and vaporizable materials. If 

the getter is exposed to the bake-out gases while at elevated temperature, the getter 
capacity for outgassing when the catalytic converter is sealed off will be greatly reduced. 
A way of preventing the getter from being exposed to the various gasses during bake-out 
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is to seal the getter chamber with a brazed gate. The getter chamber 150 (Fig. 19) can 
be a small stainless steel tube 151 capped on one end with a stainless steel plug 152 and 
the other with a thin stainless steel foil 153 brazed to the interior walls of the stainless 
steel tube. The brazing of the foil to the stainless steel tube can occur under a vacuum. 

- 5 The tube could then be welded or brazed to the outside of the catalytic converter. Once 

the catalytic converter has been baked-out, the brazed metal gate could be removed by 
applying heat to the brazed foil with an induction coil or some other device. The getter 
would be activated during the bake-out of the catalytic converter. A variation of this 
concept would be to seal the getter chamber with solder material of appropriate melting 

10 point to remain solid during bake-out, but which could be melted away following bake- 

out. 

High-volume production of the catalytic converter is expected to involve baking 
out multiple converters within a large vacuum oven to drive out impurities, and then 
sealing the pump-out port of the catalytic converter within the vacuum oven. A unique 
15 way of doing this is to have a small slit made in the outside cylinder of the converter 

with braze material about the slit opening. Once the bake-out is completed a heater such 
as a radiation heater could be used to bring the braze material temporarily to its melting 
point, followed by cooling to solidify the brazing metal, thereby closing the opening 
used for evacuation. 

20 LEAFED LAYERED RADIATION SYSTEM (Fig. 19-20) 

A vacuum-insulated catalytic converter by design keeps its inner core 27A and 
27A' and the inner housing 21A, hot long after the engine has been turned off. To do 
this, the inner core 27A and 27A\ and inner housing 21A, and the inlet and outlet end 
cones 33 A and 43 A, end tubes 37A and 47 A, and baffles 38 A and 48 A, which couple it 

25 to the exhaust system are surrounded by material, such as phase change material (PCM) 

129, which stores heat. This heat can then be reabsorbed into the catalytic converter as 
the converter starts to cool. This PCM material is in turn wrapped with other materials, 
such as radiation reflector and insulator 130, that reflect and insulate. Metal foils are 
used to reflect the radiant heat back into the core. Because of their low emissivity, 

30 nonferrous metals such as copper and aluminum are the foils of choice. Between the 

layers of foil are layers of insulating material, such as a ceramic material, which keep 
the metal foil from contacting the layer immediately beneath it and above it. The 
insulation material 131 is designed to be just wider than the foils 132 with which it is 
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interleaved, to prevent the foils 132 from contacting the other layers of foil 132 along 
their surface. 

The foils 132 and interleaved insulation 131 are preferably sized such that each 
strip 130 wraps to make five layers. Each strip width is sized to optimize the coverage 
needed. Each strip 130 extends in width proportionally until the whole core and inner 
housing 21 is covered. This is presently accomplished by four strips having overlapping 
edges, such as at location 133. The configuration overlaps and extends in section much 
like a leaf spring. (See the overlapped area 134 in Fig. 20). With the present design, 
there are three of these stair-stepped radiation shield configurations used, one strip 130 
over the center core and one strip 130A over the bellows at either end of the center core. 
Each strip 130/130A as it is rolled on is crimped to assist in keeping the wrappings tight 
and in place as the next strip 130/130A is applied. The final strip 130/130A may be 
secured with a couple of stainless steel straps 135. Only one strap 135 may be required 
about each of the bellows. 

The purpose of the leafed layered radiation system is to contain and reflect the 
heat radiated from the catalytic converter and the vessel containing the phase change 
material back into the core. This focusing at the same time keeps the outer jacket/outer 
housing 21 cool. During the initial heat up of the catalytic converter, the system helps 
to contain the heat from the exhaust and keep it stored on the center core. This enables 
the whole system to heat more quickly. After the engine is turned off, the radiation 
material keeps the radiant heat reflected back into the core. The interleaved material is a 
ceramic or fiberglass paper to keep the copper or aluminum foil layers from conveying 
heat from one layer to another, since this would reduce hold time if the layers thermally 
shorted the heat between them. 

OPTIMUM WRAPPING OF RADIATION SHIELDS (Fig. 20) 

The improved design reported here adds novel features to the present design: a 
loose coupling (primarily by radiative conductance) between the thermal energy storage 
material and the converter. To minimize heat transfer between the bellows (or outer 
shell) and the radiation shields, the shields layers should increase from inner to outer 
layers so that the inner layers end at the inner (hot) portion of the bellows and the outer 
radiation shield layers end at the outer (cold) end of the bellows. 
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HYDROGEN PASSAGES BETWEEN RADIATION SHIELDS 
AND CORE OF VACUUM-INSULATED CATALYTIC CONVERTER (Figs. 21-23) 

The catalytic converter 20D has a multi-layer radiation shield 140 (Fig. 21) 
wrapped around a core and variable conductance vacuum insulation between the 
core/inner housing 2 ID and jacket/outer housing 22D. The radiation shields 140 are 
part of the insulation for the unit, and it is desirable to minimize contact between the 
core/ inner housing 2 ID and the radiation shields 140. Minimum contact will inhibit 
conductance of heat between the radiation shields 140 and the core/inner housing 21 D 
and the phase change materials 129D, thereby increasing the insulation effectiveness. 
Under some circumstances it is desirable for the converter core to rapidly lose heat. 
This can be done by increasing the gas phase thermal conductance of the vacuum 
insulation system. Hydrogen gas released in the vacuum space can be used to increase 
heat transfer between the hot core/inner housing 21D and cold jacket/outer housing 22D. 
The creation of passageways between the radiation shield 140 and the hot core will allow 
a quicker heat transfer between the hot core/inner housing 21D and cold jacket/outer 
housing 22D via gas conductance. An example of such a construction is axial passages 
141 (Fig. 23), eight to sixteen in number, equally spaced around the perimeter of the 
core/inner housing 21D, and formed in the radiation shield 140. The radiation shield 
140 may be secured to the core/inner housing 21 D with one steel strap 135 at mid-length 
to wedge the radiation shield 140 in the gap between two phase change material 
containers 60D. 

Current designs wrap their radiation shields tightly around the core/inner 
housing. This results in continuous conduction between the hot core and the radiation 
shields, and also makes very small and tortuous paths for hydrogen gas to flow. The 
novel axial passages shown in Figs. 21-23 provide effective heat transfer by allowing 
hydrogen gas to freely flow, contact the hot core and transfer heat to the cold jacket. An 
inlet radiation shield 141 and an outlet radiation shield 142 are added to catalytic 
converter 20D (Fig. 23A) at a location against the baffles 38D and 48D, respectively. 
An inlet radiation shield 143 and an outlet radiation shield 144 are added to catalytic 
converter 20D (Fig. 23B) at a location loosely against an inner surface of the outer 
housing 22D. All radiation shields 140-144 are loosely held by metal straps 135 or 
other structure (including their own stiffness) for optimal hydrogen flow around them. 
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Each radiation shield 140-144 includes multiple layers of foil and insulation, such 
as a total of twenty layers. It can be difficult and time consuming to wrap and form the 
radiation shields around the inner housing 2 ID. It is conceived that the radiation shields 
can be preformed and sliced longitudinally by a water jet or laser to form a clam shell 
arrangement. The metal straps 135 would hold the clamshells together. Alternatively, 
the preforms can be cut transversely and slipped onto ends of the catalytic converter 
inner housing 2 ID. 

CONVERTERS WITH SPLIT RADIATION SHIELD 
A modified catalytic converter 20HH (Fig. 24) includes a support 25HH at its 
inlet end having an inner ring flange or hub 51HH, an outer ring flange or rim 52HH, 
and spokes 50HH connecting the hub 51HH to the rim 52HH. The outer ring flange 
52HH has wire mesh feet 65HH that slidably engage the inner inlet tube section 36HH 
of the inner housing 21HH to permit longitudinal expansion of the inner housing 21HH 
to the outer housing 22HH without undesirable distortion of components. The catalytic 
converter 20HH further includes a support 25HH' at its outlet end having an inner ring 
flange or hub 51HH, an outer ring flange or rim 52HH, and spokes 50HH extending 
between the hub 51HH and the rim 52HH. The support 25HH' at the outer end provides 
a fixed support for the inner housing 21HH, such that the resulting greater longitudinal 
expansion of the inner housing 21HH over the outer housing 22HH due to dissimilar 
thermal expansion occurs at the inlet end. 

An end construction 90HH at the outlet end is particularly constructed to 
facilitate manufacture of the catalytic converter 20HH and to maintain a very good 
thermal barrier. The end construction 90HH includes a cylindrical wall extension 91HH 
that sealingly engages and is brazed to the wall 31HH of the outer housing 22HH. The 
end construction 90HH further includes a separated and extended outlet tube section 
92HH that extends from bellows 48HH. The extended outlet tube section 92HH in 
effect replaces the inner oudet tube section 46 (Fig. 1) and serves a similar attachment 
function for connection to an exhaust pipe of the vehicle. First and second extended 
cone sections 93HH and 94HH extend from the wall extension 91HH. The cone 
sections 93HH and 94HH have ring-shaped inner ends that overlap onto each other and 
onto the wall extension 91HH to form a rigid, sealed connection to the outer housing 
221HH. The cone sections 93HH and 94HH have outer ends that are spaced apart from 
each other and that engage opposing ends of the extended outlet tube section 92HH. The 
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cone sections 93HH and 94HH hold the outlet tube section 92HH in alignment with the 
bellows 48HH at an end of the bellow 48HH. The inner (i.e. second) cone section 
94HH includes spokes or vacuum communication ports instead of comprising a 
continuous funnel-shaped member, but the first (i.e. outer) cone section 93HH is 
continuous and funnel-shaped so that the vacuum can be held in the cavity 26HH. The 
combination of the spokes 50HH and the cone sections 93HH and 94HH at the outlet end 
of the catalytic converter 20HH provide a very stable and sturdy structure, yet one 
which is highly thermally insulated. 

A radiation shield 72HH is provided in three sections, including a center section 
95HH that wraps around and covers the phase change material housing 60HH, and end 
sections 96HH and 97HH that wrap around and cover the inlet and outlet ends of the 
converter 20HH (including the bellows 38HH and 48HH). It is noted that the end 
sections 96HH and 97HH overlap onto longitudinal edges of the center section 95HH to 
provide maximum radiation-resisting values, yet to allow the spokes 50HH at each end 
to extend between the inner and outer housings 21HH and 22HH. The inlet end section 
of the catalytic converter 20HH is similar to the outlet end section, and its description 
need not be repeated in order for a person of ordinary skill to understand the present 
construction, or for such a person to understand the inventive aspects thereof. 

The catalytic converter 2011 (Figs. 25 and 26) includes an outlet end section 
similar to that of catalytic converter 20HH, but the catalytic converter 2011 includes a 
vacuum maintenance device 32IF that includes getter material for maintaining a high 
vacuum in the cavity 2611. Alternatively, or at the same time, the vacuum maintenance 
device 32IF may include hydride material for passively increasing the amount of 
hydrogen gas within the cavity 2611 when the inner housing 2 III heats up. By increasing 
hydrogen gas at high temperature, the insulative value of the vacuum cavity 2611 is 
reduced, thus helping throw off and helping to prevent overheating of the catalytic 
converter 2011. By reducing hydrogen gas at low temperature, the insulative value of the 
vacuum cavity 2611 is increased, thus assisting in faster heat up of the catalyst in the 
catalytic converter 2011 during initial engine starts. Notably, the device 32IF is 
positioned relatively close to the inlet or outlet tube 9211 such that it quickly receives 
heat from hot gases passing through the catalytic converter 2011. These hot gases are 
indicative of the temperature of the catalyst material in the catalytic converter 2011. As a 
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result, the device 32IF is able to quickly respond to actual temperature conditions of the 
catalytic material, which can be important to good operation. 

In order to quickly and economically achieve a high vacuum in the cavity 2611, it 
is necessary to bake the catalytic converter 2011 at high temperature so that gases and 

' 5 volatile agents are driven off. However, hydride materials, which release hydrogen at 

high temperatures, are undesirably activated to release their hydrogen at the same high 
temperatures necessary for a good bake-out. Further, after the bake-out, the cavity 2611 
must be sealed to maintain the vacuum. A problem occurs in that it is difficult to bake- 
out a cavity 2611 and then seal the cavity 2611 to maintain the high vacuum, without also 

10 prematurely activating the getter or hydride materials. The end construction shown in 

Fig. 25 solves this problem. 

As shown in Fig. 26, the end construction of Fig. 25 replaces the outer end cone 
(93HH) with an inner ring flange 9911, an outer ring flange 100II, and a frustoconically- 
shaped member 101II (sometimes called a "cover"). The frustoconically-shaped 

15 member 101II includes an "in" flange 102II and an "out" flange 103II. The inner ring 

flange 9911 is attached to an outer end of the extended outlet tube section 9211 that 
extends from bellows 4811, and flares outwardly. The outer ring flange 100II is attached 
to the cylindrical wall extension 9111 of outer housing 2211. The components of catalytic 
converter 2011 are baked off as shown in Fig. 26. After bake-out, the "in" flange 102II 

20 is shaped to engage the inner ring flange 9911 when the frustoconically-shaped member 

101II is brought into engagement with the end of the outer housing 2211. The "out" 
flange 103II is shaped to simultaneously engage the outer ring flange 100II when the 
frustoconically-shaped member 101II is brought into engagement with the outer housing 
2211. This simple movement of parts in a longitudinally-aligned direction is easily 

25 achieved, even while the parts are continuously held in the high vacuum after bake-out. 

Once the frustoconically-shaped member 101II is engaged with the outer housing 2211, 
the bake-out temperature is increased sufficiently to melt brazing material 105II located 
on the "in" flange 102II to seal the "in" flange 102II to the inner ring flange 9911, and to 
melt brazing material 106II on the "out" flange 103II to seal the "out" flange 103II to 

30 the outer ring flange 100II. 

The hydride and/or the getter material of device 3211 is located on an inside of 
the body of the frustoconically-shaped member 10 III. Notably, the frustoconically- 
shaped member 101II is separated from inner and outer housings 2111 and 221 of the 
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catalytic converter 20U and related components during the bake-out. By directing the 
heat of the bake-out at the inner and outer housings 2 III and 2211 and at the related 
components of that subassembly (and by keeping the subassembly that includes the 
hydride and getter materials at a cooler lower temperature), the properties and 
• 5 characteristics of the hydride and getter material are preserved so that they are not 

wasted, (i.e. The hydrogen in the hydride is not prematurely driven off, and the gas 
sorbing capacity of the getter is not prematurely used up.) Once the subassembly of the 
frustoconically-shaped member 101 II is brought into engagement with the ring flanges 
102II and 103II, additional heat is applied to the assembly to melt the brazing material 

10 105II and 106IL It is noted that this additional heat may activate the getter material, but 

this is not a problem since the bake-out has already occurred and the cavity 2611 is under 
vacuum. Thus, when the getter material cools and become active, it merely begins 
doing its intended job, which is to absorb gas to maintain the high vacuum. It is noted 
that this additional heat may activate the hydride material, but this is not a problem 

15 since, as noted above, the bake-out has already occurred and the cavity 2611 is sealed. 

Thus the hydride material merely begins doing its intended job, which is to release 
hydrogen into the cavity 2611 when the hydride is at an elevated temperature. 

For getters to become active, that is, to become able to sorb gaseous impurities 
present within the vacuum space, one must first eliminate the protective oxide film on 

20 the getter particle surface. In such a way, the active part of the getter will be exposed, 

come into contact with the gases and capture the molecules which have to be sorbed. 
The elimination of the oxide film is done by increasing the getter temperature under 
vacuum and maintaining this temperature per a time/ temperature relationship. This 
procedure, known as activation of the getter, causes the initial oxide film to diffuse into 

25 the bulk of the getter particles, thus leaving the surface free from the passivating layers 

and therefore available for the sorption of gases. 

The process of bake-out (Fig. 27) includes positioning the main subassembly of 
the catalytic converter 2011 (i.e. that portion including the inner and outer housings 2111 
and 2211, and the catalytic material 2711 and 27IF, and other components) and 

30 positioning the end construction (i.e. that portion including the frustoconically-shaped 

member 101II, and the vacuum maintenance device 3211) in an enclosed machine 
chamber 1 1011. The chamber 1 1011 is closed at one end by an end cover 1 1 III and at its 
other end by a second end cover 11 211 that incorporates a turbo pump 11 311 for drawing 
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a vacuum. Primary induction coils 1 1411 are located around and proximate the outer 
housing 2211. The primary induction coils 1 1411 are powered to create bake-out 
temperatures in the range of 450 degrees C. An actuator gripper 115II holds the 
frustoconically-shaped member 10 III at a location axially aligned with the outer housing 

• 5 2211, but at a location spaced above the outer housing 2211. By this arrangement, the 

frustoconically-shaped member 10 III does not become quickly heated by the primary 
induction coils 11 411, but instead stays at a lower temperature. Thus, the hydride and 
the getter material in the device 32IF do not prematurely activate. When the bake-out is 
completed, the frustoconically-shaped member 101II is lowered in direction "A" onto 

10 the inner and outer housings 2 III and 2211, such that the "in" flange 102II engages 

brazing material 105II on the flange 9911, and the "out" flange 103II engages the brazing 
material 106II on the flange 100II. The actuator gripper 1 1511 includes secondary 
induction coils 11 611 that are arranged and located to melt the brazing material 105II and 
106II to seal the vacuum in the cavity 2611 of the catalytic converter 2011. Upon the 

15 brazes cooling and solidifying, the chamber is vented to atmosphere and part removed. 

The reversible getter is activated by exposure to a heat source for some time. 

Another benefit of this design is the reversible getter's close proximity to the 
exhaust pipe provides for passive re-activation (of the reversible getter). During vehicle 
operation, high temperature events or micro-leaks will produce additional gases in the 

20 vacuum space. These gases will be pumped by the getter and eventually passivate its 

surface, thus rendering it inactive. Therefore, during the life of the vehicle, the getter 
may require additional re-activations to be an effective vacuum pump. By frequent 
exposure to the exhaust heat, the getter will be re-activated. Depending on the amount 
of gases pumped by the getter, a typically sized getter has the capacity for approximately 

25 ten passivation and re-activation cycles. 

PARTICULATE TRAP FOR DIESEL EMISSIONS 
A particulate trap 160JJ (Fig. 28) is often used to trap soot and carbon 
particulates in the exhaust of diesel engines, and to burn off these particles in a safe and 
non-polluting manner. The present technology can also be used in particulate traps, as 

30 described below. The detail of particulate traps and their operation is not needed for an 

understanding of the present invention. It is sufficient to know that particulate traps 
require considerable heat and have a relatively high operating temperature for optimal 
operation. During cold starts, when the particulate trap is cold, it is inefficient and does 
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not operate effectively. Accordingly, all of the discussion above in regard to providing 
thermal control and management of the vacuum cavity applies, including the discussion 
relative to PCM materials, vacuum atmospheric/ hydrogen control and insulative 
control, and reflective shields. 

Particulate trap 160JJ is similar to the converter structure 20 in that the 
particulate trap 160JJ includes inner and outer housings 21JJ and 22JJ spaced apart to 
define a vacuum cavity 26 J J around the inner housing 21JJ. The inner and outer 
housings 21JJ and 22JJ include inlet and outlet ends where exhaust is received and 
emitted, respectively. An intermediate housing 60 J J holds PCM material adjacent the 
inner housing 21JJ. Getter material is provided to maintain the vacuum in the cavity 
26JJ for a long service life. Hydride materials are provided to emit hydrogen once an 
operating temperature is achieved, so that the particulate trap does not overheat. 
Radiation shields 72JJ are wrapped loosely around the intermediate housing 60JJ for 
reflecting heat energy to prevent undesired heat loss. It is to be understood that the 
cavity 26JJ can be actively or passively thermally managed. A particulate trapping 
mechanism 161JJ is positioned within the inner housing 21JJ and potentially includes a 
regeneration method of fuel fired thermal assist or fuel additive chemical assist to 
promote complete burning of the carbon particles and soot found in diesel exhaust. The 
particulate trapping mechanism 161JJ is specifically designed for particular 
circumstances and operating parameters, such as for emissions expected from a 
particular engine size and transmission combination. It is contemplated that the excellent 
insulating properties of the present vacuum insulation structures will help substantially 
reduce the weight and size of particulate traps 160JJ. 

In the foregoing description, it will be readily appreciated by those skilled in the 
art that modifications may be made to the invention without departing from the concepts 
disclosed herein. Such modifications are to be considered as included in the following 
claims, unless these claims by their language expressly state otherwise. 
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The invention claimed is: 

1 . A thermally-activated exhaust treatment device, such as a catalytic converter, 
adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first 
inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second inlet and a second outlet that 
align with the first inlet and the first outlet of the inner housing, the inner and outer 
housings including walls forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the 
outer housing and in communication with the insulation cavity, the variable insulator 
device including a hydrogen source that obviates a need for separate electrical wiring 
and controls for controlling the temperature of the variable insulator device. 

2. The device defined in claim 1, wherein the insulator device includes a hydride. 

3. The device defined in claim 2, wherein the hydride comprises a reversible 
hydride. 

4. The device defined in claim 3, wherein the hydride is located in a confined space 
defined between the first and second outlets. 

5. The device defined in claim 4, including a wire mesh member in the 
confined space. 

6. The device defined in claim 5, including a containment ring in the confined 
space configured to hold the wire mesh in the space, the containment ring including 
holes permitting passage of hydrogen from the hydride to a remaining part of the 
insulation cavity. 
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7. The device defined in claim 1, wherein the hydride is located in a confined space 
defined inside the outer housing. 

8. The device defined in claim 7, including a wire mesh member in the confined 
space. 

9. The device defined in claim 8, including a containment ring in the confined 
space configured to hold the wire mesh in the space, the containment ring including 
holes permitting passage of hydrogen from the hydride to a remaining part of the 
insulation cavity. 

10. The device defined in claim 1, wherein the insulator device includes a getter. 

11. The device defined in claim 10, wherein the insulator device includes a 
reversible hydride. 

12. A device adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first 
inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second inlet and a second outlet that 
align with the first inlet and the first outlet of the inner housing, the inner and outer 
housings including walls forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a vacuum maintenance device incorporated into the insulation cavity, the vacuum 
maintenance device including a container, getter material positioned in the container, a 
porous member allowing gas in the insulation cavity to communicate with the getter 
material, and a gate covers the porous member to prevent the gas in the insulation cavity 
from communicating with the getter material, the gate having a high melting point such 
that the insulation cavity can be pumped-down, baked, and sealed at a lower first 
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temperature and then the gate can be melted away to uncover the porous member at a 
higher second temperature. 

13. The device defined in claim 12, wherein the gate includes material selected from 
a group consisting of Magnesium and Aluminum. 

14. The device defined in claim 12, wherein the gate includes a brazing material. 

15. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having a thermally-activated exhaust treatment device therein chosen to 
reduce undesirable emissions from the exhaust of a combustion engine as the exhaust 
passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second inlet and a second outlet that 
align with the first inlet and the first outlet of the inner housing, the inner and outer 
housings including walls forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; 

a getter device including getter material constructed to act as a vacuum pump to 
maintain a vacuum in the insulation cavity; and 

a hydrogen-releasing device including hydride material separate from the getter 
device, that is configured to release hydrogen when an elevated temperature range is 
reached and to reabsorb hydrogen upon cooling. 

16. The device defined in claim 15, wherein the getter device and the hydrogen- 
generating device are located within the outer housing. 

17. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having a thermally-active exhaust treatment device therein chosen to 
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reduce undesirable emissions from the exhaust of a combustion engine as the exhaust 
passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second inlet and a second outlet that 
align with the first inlet and the first outlet of the inner housing, the inner and outer 
housings including walls forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a multi-layered radiation shield comprised of alternating layers of insulation 
material and radiant energy reflective materials is positioned in the insulation cavity 
around the inner housing. 

18. The device defined in claim 17, wherein the alternating layers include at least 
two layers of insulation material. 

19. The device defined in claim 17, wherein the insulation material is selected from a 
group consisting of ceramic and fiberglass paper. 

20. The device defined in claim 17, wherein the reflective material is selected from a 
group consisting of copper and aluminum foil. 

21. The device defined in claim 17, wherein the radiation shield includes channels 
formed to permit air flow around the radiation shield and between the radiation shield 
and the inner housing. 

22. The device defined in claim 17, including bands loosely attaching the radiation 
shield to the inner housing. 

23. The device defined in claim 17, including radially-extending supports extending 
through the radiation shield between the inner and outer housings. 

24. The device defined in claim 17, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover the inner housing 
with a clam-shell-like motion. 
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25. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first side wall, a first inlet end cone defining a first 
5 inlet, a first outlet end cone defining a first outlet, and having a thermally-activated 

exhaust treatment device therein chosen to reduce undesirable emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first 
outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
10 the inner housing, the outer housing including a second sidewall, a second inlet end cone 

defining a second inlet, a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a radiation shield placed in the vacuum space and includes a center portion, an 
15 inlet end portion and a outlet end portion that form a continuous barrier to radiation loss 

of heat from the inner housing, the center portion being located between the first and 
second sidewalls, the inlet end portion being located at the first and second inlet end 
cones, and the outlet end portion being located at the first and second outlet end cones. 

20 26. The device defined in claim 25, wherein the radiation shield includes multiple 

layers, and wherein the center portion has more layers than the inlet end portion and the 
outlet end portion. 

27. The device defined in claim 25, wherein the center portion includes longitudinal 
25 edges that overlap inboard edges of the inlet end portion and the outlet end portion. 

28. The device defined in claim 25, wherein the radiation shield is multi-layered, and 
includes at least one layer of insulative material and at least one layer of thermal energy 
reflective material. 



30 



29. The device defined in claim 25, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover the inner housing 
with a clam-shell-like motion. 
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30. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first 
inlet, a first outlet end cone defining a first outlet, and having a thermally-activated 
exhaust treatment device therein chosen to reduce undesirable emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first 
outlet; 

an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, and a second outlet end cone defining a second outlet, the inner 
and outer housings forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a radiation shield with air passages, the radiation shield being extended around 
and loosely coupled to the thermal energy storage material and the inner housing, the 
radiation shield being configured to assist with thermal communication the emissions 
treatment device and the outer housing primarily through hydrogen gas conductance 
when the emissions treatment device is hot and generating an exothermic reaction. 

31. The device defined in claim 31, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover the inner housing 
with a clam-shell-like motion. 

32. The device defined in claim 31, including a thermal energy storage material 
located around and loosely coupled to the inner housing. 

33. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first 
inlet, a first outlet end cone defining a first outlet, and having a thermally-activated 
exhaust treatment device therein chosen to reduce undesirable emissions from the 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first 
outlet; 
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an outer housing enclosing the inner housing but characteristically not contacting 
the inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the 
insulation cavity having a vacuum drawn therein; and 

a vacuum detector operably connected to the insulation cavity, the vacuum 
detector including a visible indicator of the vacuum in the insulation cavity. 

34. The device defined in claim 33, wherein the visible indicator includes a member 
sufficiently flexible to show a vacuum-drawn dimple. 

35. The device defined in claim 33, wherein the vacuum detector comprises a cap 
that seals the insulation cavity and that includes a member that responds to the presence 
of a vacuum to show that the vacuum exists. 

36. The device defined in claim 33, wherein the exhaust treatment device includes a 
catalytic material. 
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AMENDED CLAIMS 

[receiv d by the International Bureau on 20 July 2000 (20.07.00); 
original claims 1,11 and 30-32 amended; 
remaining claims unchanged (3 pages)] 

1. A thermally-activated exhaust treatment device, such as a catalytic converter, 
adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treating device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first inlet 
to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a passive, temperature-activated variable insulator device positioned within the outer 
housing and in communication with the insulation cavity, the variable insulator device 
including a temperature-activated, self-reversing hydrogen source that obviates a need for 
separate electrical wiring and controls for controlling the temperature of the variable 
insulator device. 

2. The device defined in claim 1, wherein the insulator device includes a hydride. 

3. The device defined in claim 2, wherein the hydride comprises a reversible hydride. 

4. The device defined in claim 3, wherein the hydride is located in a confined space 
defined between the first and second outlets. 

5. The device defined in claim 4, including a wire mesh member in the 
confined space. 

6. The device defined in claim 5, including a containment ring in the confined space 
configured to hold the wire mesh in the space, the containment ring including holes 
permitting passage of hydrogen from the hydride to a remaining part of the insulation 
cavity. 
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7. The device defined in claim 1, wherein the hydride is located in a confined space 
defined inside the outer housing. 

8. The device defined in claim 7, including a wire mesh member in the confined 
space. 

9. The device defined in claim 8, including a containment ring in the confined space 
configured to hold the wire mesh in the space, the containment ring including holes 
permitting passage of hydrogen from the hydride to a remaining part of the insulation 
cavity. 

10. The device defined in claim 1, wherein the insulator device includes a getter. 

11. The device defmed in claim 10, wherein the hydrogen source includes a reversible 
hydride. 

12. A device adapted to control exhaust emissions in a vehicle comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal 
direction and having an exhaust treatment device therein chosen to reduce undesirable 
emissions from the exhaust of a combustion engine as the exhaust passes from the first inlet 
to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with 
the first inlet and the first outlet of the inner housing, the inner and outer housings 
including walls forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a vacuum maintenance device incorporated into the insulation cavity, the vacuum 
maintenance device including a container, getter material positioned in the container, a 
porous member allowing gas in the insulation cavity to communicate with the getter 
material, and a gate covers the porous member to prevent the gas in the insulation cavity 
from communicating with the getter material, the gate having a high melting point such that 
the insulation cavity can be pumped-down, baked, and sealed at a lower first 
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30. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first side wall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce undesirable emissions from the exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second sidewall, a second inlet end cone 
defining a second inlet, and a second outlet end cone defining a second outlet, the inner and 
outer housings forming a sealed insulation cavity around the inner housing, the insulation 
cavity having a vacuum drawn therein; and 

a radiation shield with gas passages, the radiation shield being extended around the 
thermal energy storage material and the inner housing, the radiation shield being configured 
to assist with thermal communication the emissions treatment device and the outer housing 
primarily through hydrogen gas conductance when the emissions treatment device is hot 
and generating an exothermic reaction. 

31 . The device defined in claim 30, wherein the radiation shield is cut longitudinally 
into separate parts that are configured to mateably engage and cover the inner housing with 
a clam-shell-like motion. 

32. The device defined in claim 30, including a thermal energy storage material located 
around and loosely coupled to the inner housing. 

33. An exhaust treatment device adapted to control exhaust emissions in a vehicle 
comprising: 

an inner housing having a first sidewall, a first inlet end cone defining a first inlet, a 
first outlet end cone defining a first outlet, and having a thermally-activated exhaust 
treatment device therein chosen to reduce undesirable emissions from the exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 
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